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ESPECIALLY FROM THE SHORES OF THE 
PRESIDENCY OF BOMBAY--lIL^ 

BY 

F. Boebgesen. 


Fanri. ValonlaaeBe."* 

Valonia utricularis (Roth.) Ag. 

Agardh, C., Spec. Alg., vol. I, 1821, p. 431. Kucliuch, P., tl ber den 
Bail und die Fortpfiaiizung von Halicystis Arescb. uiid Yalonia Ginn., 
Bot. Zeit. 1907. Boergesen, P., Mar. AlgjB D. W. I , voL I, p. 30, fig. 
17-18. 

The specimens form low tufts on the rocks. The A’esicles are often 
rather much ramified and intermingled forming low cushions. The 
form found seems to come near forma CRUSTACEA Kuck, 

India : Okha Port. 

Geogr. Distrib. In most warm seas. 

Fam. Bo0dieace3Bi 
Cladophoropsis ZolUngeri (Kfitz.) Boergs. 

■ Soergesen, F., Contributions a la cbnnaissance dii genre Siphono- 
cladiis Schmitz. (Oversigt kgl. danske Yidenskab. Selskabs Forhand- 
linger,' 1905, no. 3, p. 288). ■ 

. ^ Coiitintied from the Journal of the Indian Botanical Society, Vol. IX^ 

p. nil ancVVoi. XL p. 51. A corresponding series of papers on the Indian Rhodo" 
phyceiB is published in the Kew Bulletin, part I in, 1931, No. 1, ~aud part IL 
in 'l93?. No. 3. ' ;■ ■' . / . , ; ' ; 

‘•2 Regarding, the arrangement o‘f the families and genera in the group Siphoro- 
cladi'.des compare my remarks in “ Marine Algse from the Canary Islands ”, 
I, Chlorophyceae, in Kgl. Danske Videnskabernes Selskab..,./FioIogiske pdeddeP 
eiser, Yol. V,'3. Kobenhavn'1925. ; . ■■■ J’ ■ ■■■ 
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Cladophoea x\egagbopila Zollingeri Kiitz., Spec. Alg. p. 415 ; 
Tab. Phycolog., vol. IV, tab, 64, fig. II. 

SiPHONOCLADUS ZoLLiNGEEl (KiitzJ Boriiet in Mission scientif. 
dll Cap Horn., t. v., Botanique, p. 22, De Toni, Sylloge Alg., vol. I, 
p. 359. 

The plant forms dense rather dark -green tufts. The filaments of 
which the thallus consists are very irregularly ramified (Fig. 1), the 



Fig. 1, Cladophoropsis Zollingeri (Kiitz.) Boergs a, b, c, showing different 
kind of ramification ; a, d, e, filaments with rhizoids and tenacnla. X 22. 


branches issuing at shorter or longer intervals, sometimes scattered 
occasionally more or less uniseriate and rarely subopposite as well. 
Cross-walls occur very irregularly, the cells forming sometimes very 
long utricles, sometimes short ones only a few times longer than the 
breadth of the filaments. The breadth of the filaments is rather 
variable ; most of the filaments are about 150 /a thick, but filaments 
less than 100 /a or more than 200 a-i are often found. The apex of the 
filaments is obtuse, and near it the filaments are often a little thicker. 
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At the base the filameixts are provided with rhkoids and short tenacnla 
(Pig. 1, d, e) by iiieans of which they are fastened to the substratum and 
neighbouring filaments. 

When I refer this plant to Gladophobopsis ZoLlilHGEBl it is 
bacause its dimensions seem to agree very well with those of this 
species, and because on the whole my plant agrees quite well with it ; 
but I wish to point out that I have not seen any original specimen 
of this species. 

The plant forms dense tufts on the rock in the lower littoral zone 
in somewhat sheltered places, 

; Bombay in the Arabian Sea. 

Geogr, Distrib* Malayan Archipelago. 

Fam. SiphonocladiaceBB. 

Struvea delicatula Kutz, 

Kiitmig, Tabulae Phycologicae, vol, 16, tab, 2, 

In earlier papers (cf. Mar, Alg. D.W.L vol; I, p. 54, fig, 39} 
I considered Harvey's Cladophoea? abastomosans and Kuf zing's 
plant as the same species. Meanwhile by the kind permission of 
Mr. J. Bamshottom, Keeper of Botany, British Museum, I was able to 
see a slide of Harvey's Steuvea anastomosans, and on comparing it 
with specimens of Stbuvea deeicatula, I have come to the conclusion 
that these are different species. Harvey's figure in “ Phycologia 
Australica”, PI, 101, gives a really good representation of . the 
Australian plant. As the most marked differences between Harvey's 
plant and KUtzing's 1 shall point out its larger size and its bigger 
leaf-like part, which is more openly ramified on account of the more 
distantly placed branchlets. To this must be added the much longer 
cells in the main stem and branches ; and finally Harvey's plant has 
quite thin walls, A® 

From India I have seen a few specimens of Stbuvea 3:)ELICatula 
which were given to me by Mr. 8, C. Dixit and a few^ others which 
I gathered myself at Bandra seaface near Bombay. I have compared 
these specimens with plants from the West Indies and found that they 
quite agree with my figures and description (l.c.)- of it. 

India: Bombay, Colaba (legit et dedit Mr. S. 0. ; Bandra 

seaface. 

Geogr. Distrih. Found in most warm seas. 

Struvea tuticorinensis Boergs. sp. nov. 

Stbuvea caespites, formans ca 3| cm alta, e stipitibus cylindrieis 
simplicibus, ad basem transverse annulatis, superne levibus et flabellis 


4'..‘ THE JOUBMAL' OF THE INHIAlsf ' BOTANIDAL::SOOIETT.^^ 

ovalibiis, roticiilatis composita. 'Flabslitim oa IJ cm, longum et 1 cm 
lat'Um ill jumori ovalem in adulfeiori magis irragalaritcr for- 

matum, CDsbatuiB, cosfca e calMis 500-89D m longis et 250 latis com- 
pbsita. Eanai flabslli oppositi, pluries pinnatis, apicibus ramnlorum 
concresceiitibxxs. Plate I et Fig, 2. . . 

The basal part of the -plant consists of very much ramified rhizoids 
by- m of which the plant is fixed to the .substratum, shells, 
stones, etc. From this base the erect stems arise. When young they' 
are almost cylindrical bodies a little slender at their base getting 
gradually thicker upwards and tapering again near the summit into 
the upper obtuse end. For, instance such a young stem at its base 
is about 330 p, thick and at its thickest about 1,000 p ; its length is 
cm, and it is composed of a single cell only. When it reaches 
the stage of development when the leafiike part of the thallus is going 
to be formed, some annular corrugations (5-6) become visible at the 
base of the stem (Fig. 2), and at the same time a row of cells is formed 
at its upper end. The material in spirits was, I am sorry .to say, very 
^■bad. It contained only some very young undivided stems and bits 
of old half-decayed thalli; but to judge from the dried material the 
development of the leaflike part of the thallus takes place in quite the 
same way as in Steuvba blegans as described by me From the 
upper end of the cells formed at the apex of the stem two opposite 
branches grow out .at both sides from each of the cells, all the 
branches lyingt in the same plane. When these branches have 
reached some length, they are divided into a number of cHIs by 
segregative cell-division and from the upper end of these ceils two new 
opposite branches grow out again (Fig, 2). This process may be 
repeated a few times more, the last ramifications being issued often 
more irregularly. Ther mpper ends of the short branchlets become 

firmly fixed to the neil^bouring filaments. 

The basal cell of the leaf -like part of the thallus is the longest, 
about 2 mm,, whereas the other cells in the main axis in the leaf reach 
only a length of about 500-600/:*, and their breadth is about 2 50/.^. 
The height of the plant is a little more than 3; cm; the length of the 
leaf-like part about 1| cm and the breadth aTittlemore than 1 cm. 

As mentioned above the plant is very much like the West Indian 
StbxJVEA eleganS, but on the whole it is much smaller, almost half 
as small. On account of this and its geographical distribution, I 
think it most appropriate to consider it a hew species. 

The plant was dredged at a depth of about 40 feet. 

South India ; Tuticorin. Boergesen -no. 5673 (type). 

.r. \ Bdergeur.^, Marine" ATg^ .of fefie T)anish ‘ West- Indies; vol.' 1; p. 51 
figs. 37-3S, Copenhagen 19 13. J 
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Chamaedoris auriculata Boergs. sp; nov. 

Thallus ca 6 cm. altus, e stipite tubuloso, transverse annulato, 
in auperiori parte 1-2 oellulas continente, et eapitulo excentrieo, 



Fig. 2.. StruYea tuticorinensis Boergs ,sp. noy. X 5. 

aiuiculato, ad IJ- cm longo compositus. ' Capitiilum e filameiitis, in 
‘2-3 verticill-as ordinatis, snfcdichdtome ramosis, ca 125 latis, inter se 
tenaculis adfixis compositum est. • o • 
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Tills fine plant (Eig. 3) forms more or less dense tufts upon the 
rocks to which it is fixed by means of ramified rhizoids. The tufts 
have as a rule a height of about 6 cm ; but some of the specimens may 



Fig. 3. Chamaedoris auriculata Boergs. sp, now. Habit of the plant X 

reach a length of up to 8-9 cm. The. stipe is aniiularly constricted 
from the base to the beginning of the capitulum. Generally the stipe 
is unbranched, but occasionally it is branched, the branching appearing 
to be due as a rule to some damage. 
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The deyelopment of the thallus is very similar to that of 
OHAM.EDOEIS PEHICULUM as described by me in “ Mar. Aig. DMIJ\ 
voL I, p. 56, figs. 40-43, but owing to the scantiness of the material 
available I have not been able to follow it in all its details. The stipe 
is at first a cylindrical tube which gradually becomes anniilarly 
constricted from the base upwards. When it has reached its normal 
size, its upper end swells somewhat and one to two cells are formed » 
When two cells are formed, the lower cell is larger than the upper 
(Big. 4a). Then the formation of the capitiilum begins. Erom the 
upper end of the swollen part of the stem a whorl of filaments is 




Fig. 4. CfaamaBdoris aurictilata. Eoergs. a, upper end of a filament with two 
cslls; b, longitudinal section of a young capitulum, X 30. 

given out surrounding the base of the smaller cell above, and in a 
similar way whorls of filaments are given off from the npi3er end of 
this cell and from the one above, if two are present (Eig. 4b). At the 
same time the upper end of the stipe becomes somewhat compressed. 
The lowermost whorl consists of about 20 filaments, while the two 
above have decreasing numbers pi filaments. The filaments grow out 
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ecoeatrically to one side forming the flat, atiricnlate capitnlnni (Kg. 3). 
The filaments are repeatedly subdichotomonsly ramified (Fig. 6a) and 
kept together by means of tenacula (Eig. 5b}. The diameter of the ^ 
filaments is about 125 . ' 



Fig. 5. Cliamaedoris auriculata Boergs. a, upper ends of the filaments com- 
posing the capitulum, b, parts of filaments attached to each other by tenacula, 
a, X 30; b, X 65. 

■ It is very interesting that this genus hitherto considered to 
be monotypic now comprises 3 species, namely, the long known 
West Indian, species. CHAMiBDOBiS peniculum (SoL) Knntze, one 
Japanese species, CHAMisnoBiS obientalis Okamnral, and the 
Indian one described here. The Indian plant is closely related to 
Oham^dobis PBNICTJLIJM, but is much smaller, and its capitulum 
does not reach/ the height of the West Indian Planf;, and is easily 
distinguished from the former species by its thin, oblique, eccentric, 
rather flat, auriculate capitulum^ in which only one or' two central 
cells are formed at the top of the stipe. 

Okamuro, K.,, On: the marine Algae fromI\6t6sho (Botel , Tobago;). Reprint- 
ed from the Bulletin of the Biogeographical Society of Japan, 1031, vol. 2, p. £8, 
ph 10.. ■ - . , • . ' . - 

^ The shape of thothallus’ reminds one very much that of the fungus, Hydnum 
.\URISCALPXUM L, ■ ■ ' • 
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The plant was found in the littoral zone in a very exposed 
locality and formed together with other small algge dense tufts upon 

rooks. 

IncUa : Bosrgesmz No. 5447 (type). 

Fanni Fucaceae. 

Cystophyllum muricatum (Turn.) J. Ag. 

Agardh, Spec. Alg., vol. I, p. 231. Barmy, Phycologia Austral, 
vol. Ill, pi. 139. 

FUCUS MURICATTJS Turner, Fuei, p. 107, tab. 112. 

GysTOSEiRA MUBICATA Ag., Icones ineditse, Nova edit., Lund 
1846, tab. XII. 

Cystoseira trinodis Ag., Icones ineditse, Holmise 1821, tab. XII. 

SiROPHYSALis MURICATA Kiitz,, Phycol. gener., p. 868 ; Spec. 
Alg., p, 602 ; Tab. phycol., vol. X, tab. 55. 

The specimens which I refer to this plant seem to agree quite well 
with JV AgardJis description and with the quoted figures. The plant 
reaches a height of about 50 cm or perhaps more. It has a rough 
stem, the roughness being due to numerous short processes which, as 
strikingly described by Turner, remind one of “ rudiments of leaves 
or branches, which give the plant a singularly muricated appearance." 
The basal leaves, present only in a few specimens, are linear with 
entire margin, about 4~5 cm long and 8 mm broad with more or 
less rounded apices and a row of eryptostomes on both sides of the 
midrib. The vesicles are nearly all of the same size, oval with 
eryptostomes scattered over their surface either solitarily or 2 or more 
together, but always separated by shott, stem-like intervals, the 
uppermost being ciliate. The receptacles are subcylindri© and ramified. 

India : Tuticorin, Hare Island, in shallow water. 

Oeogr. Distrih. Admirality Isles, New Holland, Malayan Archi- 
pelago. 

Sargassum Ag. 

As I knew that Professor -W. A. SetehellyBeAeley, Oalifornia, was 
interested in the study of Sargassum from the East, I requested him 
to kindly determine for me my small collection of Indian Sargassum. 
He most kindly agreed to do so, and I have now received a list of his 
determinations. When he sent these back to me, he pointed out in 
his letter that his determinations must be regarded as only tentative 
until they are compared with the type specimens. As he was not 

''ess— iV,; 
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able to see the type specimens of these Indian species himself he asked 
me to compare my plants with the type specimens found in J. Agarik's 
Herbarium in Lund, Sweden. 

In the list given below only 6 species are mentioned, of which 
four were gathered by myself and of which materials were sent 
to Professor Setchell, and two were found in a collection of Algse 
belonging to the British Museum sent to me for determination. But 
many more species are known previously from India. In /. Agardh’s 
Species Algarum, voL I, Algas Fucoideas complectens, Lund, 1848, 
several species of Indian Sargassum are described; and in B, K, 
Greville’s paper ; Alg^ Orientales : — Descriptions of new species be- 
longing to the genus Sargassum in Annals and Magazines of Natural 
History, Ser. 2., vol. 3, p. 85, 14 species are mentioned as found 
in India. 

AgardKs and Grevillds works appeared almost at the same time, 
and, as Professor Setchell pointed out in his letter to me, here again is a 
question as to whether Grevillds paper or J. AgardKs book was 
published first. “ That would be a matter of the day and month of the 
year 1848, which may be difficult to settle ”, writes Professor SetchelL 
Fortunately we seem to be able to solve this question satisfactorily by 
means of the reviews of the two works. J. Agardh's work is reviewed 
in theBotanische Zeltung, 1848, p. 754, in the number published on 
October 27th, and must therefore have appeared before that date. On 
the other hand the first part of GrevUle’s paper containing three species 
and Plate IV (the first of the 7 plates belonging to the paper) did not 
appear until 1849 according to Vickstrom's Aarsberettelser ” for 1S49, 
p. 178. Accordingly J*. AgardKs names have the priority (^). 

Besides the two above mentioned papers dealing with Saegassum, 

I wish to mention also, as important works on this genus, J*. Agardk's, 
“ Species Sargassorum Australias descriptse et dispositse ” (Kongl. 
Svenska Yetenskaps — Akad. Hand!., Bd. 23, Stockholm 1889) and 
A* Gnmow’s most valuable posthumous work : “ Additamenta ad 

cognitioneih Sargassorum ” in Verhandlungen d. k. k. zoologisch- 
botanischen Gesellschaft in Wien, 1916. 

Sargassum teneriimum J. Ag. 

Agardh, Spec. Alg., vol. I, p. 305 ; Spec. Sargass. Austral., p. 83, 
Klitzing, Spec. Alg., p. 6^. 

Sabgassum CaMPBELLIanitm: Greville, Sargassum, p. 88, PL V. 
GrthimOy Additamenta, p. 370, no. 70. 


^ J* Agardh's work on the Phs&ophyceee is already reviewed in the foregoing 
volume of Vick sir orri's Aarsberettelser for the years 1845- 48. 
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To this spades (Eig. 6 and Plate 11) I had .referred already before 
I sent my collection to Professor Setchell several specimens gathered 
at Bombay from where, too, the type specimens in Herb J. Agardh, Liincl, 
originate. I have been able to compare my specimens with AgardKs 
and I have stated their congruity, Sabgassum Campbelliahijm Grev. 
is surely closely related to and most probably identical with 



Fig. 6. Sargassum tenerriffium g. Ag. Part of the thallus with leaves, 
vesicles and receptacles. X 3. 

S. TEKEEBIMUM J. Ag.^. In “Spec. Sargassorum ” Agardh refers to 
S. CampbelliA’NUM as a synonym of his species, and Prof, Setchell 
writes to me that the minor differences may be simply differences in 
stages of development. In J. AgardKs Herbarium I have not seen 
any specimens of Greville’s plant, but several of my specimens seem to 
resemble his figures. 

As the name indicates S. TElspBEiMTJM is a delicate, thin leaved, 
fine species which contrary to most specks of this genus adheres to the 
paper when dried. The dried plant has a brownish olive-green colour. 

^ Or mow, I.C., refers to ^p^desas a var. Campbelliana (Grey.) 

of S. TENERRIMUM J. Ag. ■ 
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The stem is glabrous and rarely more than J mm thick when dried. 
The leaves reach in the lower parts of the plant up to a length of 6 cm 
and a breadth of li cm, but become gradually much smaller 
upwards. They are linear or linear-lanceolate in shape -with a narrow 
rounded apex and an elongated cuneate base running evenly over 



Fig, 7. Sargassumlcinereum g. Ag. var. berberifolia Grun, a, part of tlie 
thallus with leaves, vesicles and receptacles ; b, small part of the same more 
magnified a, X li ; b, X 3, 

into the short stipe. Their margin is sinuate-dentate. The leaf is 
thin, translucent, with a thin f midrib and on both sides scattered 
small cry ptostomes. The vesicles are nearly si^herical, about 3-5 mm 
long and about just as broad, their sMpe being about half as long. 
The receptacles are androgynous, ramified and spinose. 

India : Bombay, in many localities in the open sea ; Dwarka. 
Qeogr, Distrib, ArabifrU Sea along the Indian Coast. 
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Sargassum dnereem J. Ag. var. berberifolia Grun. 

GnmoiOy A,, Additamenta, p. 378, no. 76, 

The determination of this plant (Eig. 7 and Plate III) I owe to 
Professor SetchelL As no specimens of this variety are to be found in 
Herb. J, Agardh, in Lund, I have only been able to compare my 
plant with specimens of forma tyxyica of which several specimens from 
Hongkong are found in Agardh’s Herbarium. These have smaller 
leaves than mine, whereas the vesicles have nearly the same size. 
Professor Sstchdl writes to me that he has tentatively referred this 
plant to Saugassum cabpophyllum, but he adds that the leaves 
are too broad for that species, at least according to the description. 
Therefore I looked up this species in Herb. J. Agardh, Lund, and 
found that it had much smaller leaves and was on the whole rather 
different from my plant. 

The specimens in my collection are of a greyish-brown colour. 
The stipe is glabrous. The leaves are about cm long and | cm 
broad in the fruiting part; in a young plant the leaves are about 
cm long and 8 mm broad. The leaves have an obtuse apex and 
a cuneate base passing over into a short stipe ; their margiii is rather 
distantly sinuated or toothed; scattered cryptostomes are found 
on both sides of the midrib. The vesicles are nearly spherical or 
somewhat longer than broad, up to about J cm long and 3~4 mm 
broad, but many are smaller. The receptacles, male and female oia 
different plants, are small branched panicles without spines. 

India : Karwar in tranquil bays. 

Geogr, Distrib. Indian Ocean. 

Sargassum Wightii (Grew, mscr.) J. Ag. 

Aga^^dh, J*., Spec. Alg., vol. I, p. 329; Species Sargass. Austral., 
p. 86. Greville, B, K., Sargassum, p. 95, tab. X. Grunoto, A,, Addita- 
menta, p. 382, no. 81. 

In a collection of Alga belonging to the Herbarium of the British 
Museum some specimens are to be found which seem referable to this 
species. The specimens are sterile or just beginning to fruit. 
There is a narrow-leaved and a more broad-leaved form present. 
The narrow-leaved plant is when dried almost black with thick opaque 
leaves. These are nearly linear, up to about 5-6 cm long and 2-3 
mm broad tapering towards both ends, the apex is acuife or obtuse, at 
the base attenuated, passing evenly over into the short stipe l-S mm 
long. The margin of the leaves is nearly entire or a little sinuate. 
The midrib is scarcely seen and there are very few cryptostomes on 
both sides of it. The vesicles are rather large, oblong up to about 
7 mm long and 4 mm broad and have a rather long stipe up to 
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about 7 mm long ; it is seldom that they end in a long tip. The 
receptacles are, as mentioned above, only just beginning to be 
developed. This specimen most probably belongs to forma STBLI- 
NEABIS Gruii., which is known from Ceylon. 

The other specimen has broader, thinner and much more brown 
leaves about 5-6 cm long and 8-9 mm broad ; the margin of the 
leaves is sinuate-dentate. The vesicles are nearly spherical and much 
smaller, about 5 mm broad. The specimen is sterile. This plant has 
some likeness to a specimen from Ceylon (Harvey, Ceylon Algae no. 
106) found here in the Botanical Museum, but the colour of the Indian 
plant is much more brown and the vesicles smaller than those of the 
Ceylon specimen. 

India: M. 0. PHyengar; mthout locality, Wight. 

Geogr. Distrib. India, Ceylon. 

Sargassum ilicifolium (Turn.) C. Ag, var. venusta Grun. ? 

Gnmow, Additamenta, p. 404, no. 106, 

Professor Setchell has put a ? after the name and says about the 
determination : A specimen which agrees fairly well, but not exactly, 
with a specimen in our Herbarium determined by Grunow and sent 
out from his collection. The coincidence is not exact, but I presume 
that these Indian forms are mostly of this variety 

The leaves in the specimens (Plate IV) are about 3| cm long and 
1 cm broad decreasing upwards ; the margin of the leaves is sinuate- 
dentate. Several scattered cryptostomes are found on both sides of 
the midrib. The vesicles are spherical up to about 3 mm broad, most 
of them being smaller. The receptacles are fastigiately branched, 
triangular and spinulose. According to GreviUe they are androgynous, 
but I found only female ones. 

hiclia : Karwar. Bengi Bay in a rather exposed locality. At 
Bombay (Bandra seaface) I gathered a single young female specimen 
coming closer to the typical form with sharply serrate or dentate 
leaves. 

Geogr, Distrib, Indian Ocean, Bed Sea. 

Sargassum myriocystum J. Ag. 

Agardh, J., Spec. Alg., vol. I, p. 314 ; Spscies Sargass. Austral., 
p. 99. 

Grunow, A., Additamenta, p. 440, no. 134. 

To this species, -which according to J. Agardh is already known 
from India, I think a female specimen from the collection of the 
British Museum can most probably be referred, as it seems to agree 
rather well with Qnmow’s description, 
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The stem of the specimen is rather rough with short processes. 
The leaves are about 2 cm long and | cm broad, decreasing up’wards and 
becoming quite small higher up. They are dark, nearly blackish-browm 
■when dried. Their margin is more or less dentate, and their apex more 
or less rounded. 

Scattered cryptostomes are present on both sides of the midrib. 
The vesicles are small, spherical, 1-2 mm broad. The female recep- 
tacles are somewhat spinulose and very much ramified. 

India : Pamban, M. 0. P. Iyengar: without locality, Wight. 

Geogr. Distrib, China, Java, India. 

Sargassum plagiopbyllum (Mert.) J. Ag. 

’ Agardh, J,, Spec. Alg., vol. I, p. 309; Species Sargass. Austral., 
p. 120, Tab. XII. Grunoiv, A., Additamenta, p, 9, no. 149. 

I owe the determination to Professor SetclwlL I have compared 
my specimens with a specimen from “ Detroit do Malacca ” (Baume) in 
Herb. J. Agardh, Lund. This is rather a poor specimen, being only the 
uppermost part of a plant, with somewhat smaller leaves than those in 
my plant. My specimens (Plate V) on the other hand agree quite 
well with Agardh' s figure. 

The stipe in my specimens is terete, glabrous, about 1 mm thick 
(dried). The leaves are linear-oblong, dull, with subundulate or 
subdentate, often almost quite entire margins with obtuse apex and 
acute base passing evenly over into the quite short stipe. In the 
lower parts of the specimens the leaves are about 3 cm long and 
f cm broad becoming smaller upwards and have scattered cryptosomes 
on both sides of the midrib. The vesicles are small, spherical, about 
2 mm broad, sometimes tipped. The only fruiting specimen is a male 
plant ; the branched receptacles have no spines, whereas the female 
ones according to Grmiow's description are provided with spines. 

India : Karwar in tranquil bays. 

Geogr. Distrib. Indian Ocean. 

Turbmaria conoid es Kfitz. 

Kiltzing, Tab. PhycoL, vol. X, p. 24, tab. 66, II e, f. Barton, E. S., 
A systematic and structural account of the genus Turbinaria, Lamx. 
in Transact, of bhe Linnean Society of London, 2ncl Ser., Botany, 
vol. Ill, part 5, London 1891. 

Turbinabia vulgaris, var. cohoidbs j. Ag., Spec, Alg., vol. I, 
p. 267. 

. In her above-mentioned monograph of the genus Tubbifaeia 
Miss Barton quotes as synonym to this species Pucus TURBINATUS L., 
(Spec. Plant., vol. II, p. 1160), and bases this statement upon a 
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specimen found in Limes Herbarium, London. Consequently in my 
paper on the Forsshaal Mgdd ^ I i^ointed out that Kutzing' s name 

for this species ought to be changed into Lmne's, namely, Tubbinabia 
TUBBINATA (L.). But I lator on found that for several reasons 
this cannot be done, first because Kuntze‘^ has already used this nam-e 
for the West Indian species, Tuebinabia tbialata, and secondly, 
because, as Mr. Geoffrey Tandy, British Museum, London, who is much 
interested in , the question, has kindly informed me, there was 
no specimen of Tuebinabia in Herb. Linne before 1767, Linnes 
Bucus tubbinatus in “Spec. Plant” (1753) being based only upon 
the West Indian plant described in Hans Shane’s “Natural History of 
Jamaica,” 1707, p. 68, tab. 20, fig. 6. 

Accordingly the name of this species must remain as proposed -by 
Kiltzing. 

Of this plant - we have here in the Botanical Museum an old 
Indian specimen (var. TYPICA, with vesicles) originating from the 
former Danish colony, Tranquebar, in South India. Moreover, in a 
collection of Indian Algae belonging to the British Museum, London, 
and sent to me for determination a specimen from Pamban is present ; 
ifc belongs to var. EVISICULOSA Barton, as the stipe of the leaf is not 
inflated. 

India: Timquehd^T. J, P:BoMer; Fomho^rnyM* O. P. Iyengar. 

George Distrib. Sumatra, Singapore, Ceylon, Java, Celebes, China, 
Australia. i 

Copenhagen, 

June, 193.2. 


^ Boergesen, F,, A revision of ForsskaaVs AlgiB mentioned in Flora 
Aegyptiaco-arabica and found in his herbarium in the Botanical Museum of the 
University of Copenhagen (Dansk Bot. Arkiv, vol. 8, 1932, no. 2, p. 12, the note) 

^ Kmtze, 0., Revisio generum plantarum. Pars II, p. 434. 



Boergesen— Indian Green and Brown Algae. 


Plate I 



J. T. B. S. XII; 1 







Sargassum tenerrimum J. Ag. 


Boergesen— Indian Green and Brown Algae. 





Sargassum cinereiLm J. Ag. var. berberifolia Grun, 





Boergesen— Indian Green and Brown A 


Sargassum iliciiolium (Turn.) C. Ag, var. vcnusta Grun. ? 
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CHAROPHYTE NOTES FROM AGRA, U. P. 

BY 

G. 0. Allen, I.O.S. 


It is hardly necessary to describe the geographical situation of 
Agra as it must be known the world over from its fascinating Taj 
Mahal. In a scientific botanical journal however it should be" 
mentioned that its latitude is c. 27° N and longitude c. 78° E and also 
that its average rainfall is 26 inches. It lies in the S.-W. corner of the 
U. P. and in the opinion of the writer of the local Gazetteer it may 
probably claim to be the warmest station in the U. P. After nearly 
two years’ experience of the district I feel it is almost like living on the 
edge of a rocky desert, with one redeeming feature in the mass of deli- 
cate blossom of that widespread xerophyte, the karil {capparis aphylla). 
The dry climate, low rainfall and the excellence of the natural drainage 
afforded by the Jumna and its tributaries and by the Ohambal have 
resulted in a great scarcity of lakes and marshes. Even the ponds 
are of such a temporary nature that they are mostly dried up before 
the cold weather sets in. During the rains though I visited a number 
of pools I found them all very muddy and did not succeed in finding 
a single species during this usually profitable season of the year. 
Except for the Ohambal and the Jumna, the only permanent ifiece of 
water I came across was Kitham reservoir eleven miles along the 
Muttra-Delhi road. 

Agra therefore afforded a complete contrast to my other two 
hunting-grounds, Gonda and Saharanpur : in fact such interest as my 
notes may have is rather of a negative kind, a record of what I did not 
find. Instead of 22 species as at Saharanpur my total for two cold 
weathers and one “ rains ” amounted to no more than 5, 1 Nitella and 
4 species of Ohara. One of these latter, however, proved to be an 
addition to the Indian list. They are as follows : A7. hyalina, C. aspera, 
0 . /mgife, G. and 0. 

I had not much occasion to visit the Jumna. Its banks were 
sandy and the only species I found along its edge was G. contraria. 

Kitham reservoir is a fine expanse of water but disax)pointing 
from my point of view. Being of too permanent a character there was 
little variety in the nature of the shore and the depth round the edge 
remained fairly constant. All except G. aspera were to be found here. 
The only point of interest I noticed’ here was in connection with 


LB JOTJENAL OS’ THE INDIAN BOTANICAL SOCIETY. 

0 vulgaris. I first found it in a little stream that issued from the base 

tha itouTh I— small pools it was so very ecortic": 

at i thought I had run across something new to me nrtHi t r -i 
later that it was only the cramped conditions that were responsible for 
this as m deeper water it appeared in a normal state. 

Mr. Groves tells me that Mr. T. B Blow fi-,o+ • j ^ 
searcher after charophytes, once collected in the h gardens ! Oh 
that appeared to_b3 C. vulgaris. 1 could find no traef of it how^"^ 
in that pretty little marble tank from the platform of which « 
thousands have gazed on the wondrous tomb. ^ ^ 

Eor the Ohambal with its clear blue water I have a sreat aff y 
For one thing it was here that I found what is probablv O ! 
that is not the only reason. After a road jourly of 35 mTT 
very pleasing to pass down a deep cleft and find that 

The river runs considerably below the level i-i, 
country (as is usual in this rocky part of India) and hence’arises that 
wonderful system of ravines as much as a mile broad in ? i 
Incidentally they afford a capital hiding-ground “ some places- 

be only after long acquaintance with it that one can rSlylnd otAs 
way about sucb a maze. ^ nucl on© s 

This deop-cut bed also afforded a novAi i # 

dweller in the Gangetic Plain • for bAro pleasmg sight for a 

a succession of four different strata the a section showing 

.let :r 

to be, in order from the fbr:. it- strata I take 

Kaimur Conglomerate, GwaKor Sandstone ami BuSh 

This charming spot is reached by crossing Dhr .1 ^ Gneiss. 

road to Bombay and it was in a dLp pool amongsTrt^ 

left bank that I found my Ohara nerLL 

from this State. ’ ^ group 

a/rSfferwLhti^^^^^^^ along with 

wardly a good deal 

referred to as being of a less intense green tha^O is 

the upper part of the stem quite orange in bnA ^ I found 

of bright Md mtheridi. ths Jmeiol e£fL th! IMbWy 

Ih. oogoni .re oIg„ o»L It '“‘V. 

o otpor.. ritoo, Th. P.., t wo. o.„.h td triLt 

"Groves and Bullock-WebstoTR^^i^^i^i^^ ~ 
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brittle. G, fragilis is also one of its nearest relations in India as 
they both belong to the small group of triplostichous species of Chara 
though G, as per a is readily distinguished by its dioecious character. 
There is one other dicBcious triplostichous plant recorded from India 
viz. G.infirma though in Notes on Indian Charophyta^; it is spoken 
of as rather a doubtful species. Its rudimentary spine-cells serve to 
distinguish it from C. aspera. 

0. as per a has been recorded from Central Asia (Turkestan) but 
not from India before. The species is fairly common in England and 
Europe generally. As Mr. Groves points out the Indian plant differs 
from the English in having small roundish spine-cells instead of long 
spines and in the cortex being more regularly triplostichous. 

A very characteristic feature of this species is the production at 
the lower nodes of almost spherical whitish bulbils which, as remarked 
in British Charophyta, no doubt account for its not fruiting very 
freely. Incidentally that work also speaks of gametangia at the 
lowest 2-3 nodes : in my plant antheridia are produced at the fourth 
branchlet-node as well. The stipulodes are well developed (not unlike 
those depicted in fig. 3, plate XXXIX British Charophyta) : hence it is 
somewhat curious to find the spine-cells so small. 

The first year I found this plant on 3rd February but as I had no 
chance to gather more of it I kept a good look-out the following year. 

I found no signs of it till 18th January when it was yet in a very young 
state. Both years I gathered it in exactly the same pool, which being 
deep and rocky presumably admitted of the oospores remaining un- 
disturbed by the heavy currents in the monsoon. I continued to 
find it the second season till the end of March. Along the banks of 
the Chambal were also growing N. hyalina and G. contraria. 

— 

^ Journal of the Linnean Society (Botany) Vol xlvi, April 19124, 
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PERENNATION AND VEGETATIVE 
REPRODUCTION IN ZEVXINE SULCATA LINDLEY 

BY 

Amab ChAI^I) Joshi, 

Department of Botany, Benares Emdu University, Benares. 

(With 1 figure in the text.) 

Zemine sideata Lindley is a very widely distributed orchid in 
Asia. It is found in Afghanistan, India, Java, China and Philippines. 
Hooker (1) describes it as the commonest Indian orchid, it being, met 
with throughout the plains and the low hills of the country from 
Punjab and Sindh to Assam and Chittagong and southward to Ceylon. 

In the plains of northern India this orchid grows during winter^ 
Then green asrial shoots with erect grass-like membranous leaves are 
produced. These mostly range between 2 to 6 inches in height. The 
erect stem has sometimes a creeping base and there it bears a number 
of fleshy roots. The shoots ultimately produce terminal spikes of 
small white flowers. Prom these are produced capsules containing a 
very large number of seeds. These ripen and are shed towards the end 
of winter and after this these aerial shoots also wither and die away. 
The orchid passes the summer underground and new green aerial 
shoots are again produced on the advent of the next winter season. 
Nothing, however, is known about the condition in which the orchid 
passes the unfavourable season, even though it is so common all over 
the country. 

Last year during the month of April, the writer was on a short 
holiday to a. place called Hoshiarpur in the sub-himalayan tracts of 
Punjab. Here plants of this orchid were found growing in a small 
grassy plot on the bank of a rainy season stream, which is locally 
known as ‘ Cho The place was at a distance of about three miles 
from the town. It was just the beginning of summer. The orchids 
had already fruited and the seeds had been shed and they were in 
various stages of withering. As the time appeared to be opportune, it 
was decided to look these up for their mode of perennation. For 
this purpose a few plants were dug out from the ground along wuth 
the soil and brought home. There these were placed in a bucket of 
water and the soil was gradually and carefully removed, so that 
there was no danger of any parts getting broken. One such plant 
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josHi m zEuxim sulcata lindlby. 

with complete underground parts is sketched in the accompanying text- 
figure,— the aerial portion had mostly died away ; and it clearly reveals 

the mode of perennation of the orchid. 

It appears that in this orchid towards the close of the growing 
season, and before the advent of the hot dry season, certain under-- 
ground branches are formed from the basal nodes of the main stem. 
Tlrese are marked Brl, Br2, and Br3 in the figure. They are of the 



Zeiixir.e ftulcata. A plant dug out from the soil during the month of April 
The parts below the line marked soil level are all underground. Brl, Br2 and 
Br 3 are the perennati ng underground branches. Normal size 

ordinary form and become fairly large, often producing 6 or 7 
internodes and short membranous scaly leaves from the nodes. Often 
they develop their own adventitious roots. In some eases a root is 
formed on the node of the old axis of the plant just below such a 
branch. In colour, these new branches are nearly white, while the 
main stem is more or less brownish. Sections of the various parts of 
the plant showed that all the food material is transferred to these new 
branches and their cortex becomes packed with solid carbohydrates. 
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After these branches have been formed, the main stem withers and 
dies away. Only these branches packed with food material are left 
behind in the soil. They never come to the surface and act as the 
means of tiding over the unfavourable season. On the advent of the 
next growing season, however, they are probably again stimulated to 
activity and grow up into new plants. 

The form and disposition of these underground perennating 
branches suggests why these have been overlooked up to this time. 
The plants of Zeuxine sulcata usually grow in fairly compact clay soil. 
In such a soil if the main flowering shoot is pulled out, the under- 
ground branches will be always, on account of their position in the 
soil, left behind. Since this is the usual method of taking out of small 
herbaceous plants, this may account for the non-observance of these 
structures so far. 

The number of such perennating branches on one plant may be 
one, two or more. In the specimen figured, there are three such 
branches. As each of these can grow up into a new plant, more than 
one offspring may be produced from one individual. So these under- 
ground branches also serve as a means of vegetative reproduction and 
multiplication. Many times in nature plants of Zeuxine are found in 
small clusters. Their method of vegetative reproduction explains 
this. 

Discussion. 

The method of perennation of Zeuxine sulcata is of great interest 
on account of its extreme simplicity. In no other terrestrial orchid^ 
a method simpler than this has been recorded. In the majority of 
such orchids, only buds are laid toward the end of the growing season 
and they develop into shoots only on the advent of the next season. 
Here, however, they begin their development in the same season and 
form fairly big underground branches. The common feature between 
the two cases is that the green aerial shoots develop only at the ’ 
beginning of the next favourable season and the unfavourable season 
is passed entirely underground. In the majority of terrestrial orchids 
during this period food is stored either in internodal or root tubers, but 
in Zeuxine sulcata, it is directly transferred to these underground 
branches which have to grow into aerial shoots later on and there are 
no such special organs for this purpose. The form of these under- 
ground branches is also just ordinary and shows no special peculiari- 
ties. 

The mode of perennation of sulcata is of further interest 

on account of the possible light that it may throw on the origin of 
more complex methods of perennation found in the terrestrial orchids. 
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especially on the origin of sncli complex tubers as those of Ophrydeae 
(Ophrys, Orchis, etc,)- According to Eendle (2) the tubers of this 
tribe “consist of next year’s stem-bud, which has united very early 
with the fleshy adventitious root standing exactly beneath it,” It has 
been mentioned above that sometimes in Zemine, there stands an 
adventitious root on the same node from which a perennating branch 
arises and exactly beneath it. It may thus represent the simpler 
condition from which the more complex tubers of Ophrydeae may 
have been derived by postponement of the development of the 
branches for sometime, tuberisation of the adventitious root and 
. the fusion of the two. 

Summary. 

The method of perennation of Zeuxine sulcata is very simple. 
Towards the end of growing season, certain underground branches are 
^ formed from the basal nodes of the main stem and food material is 
stored up in these. They act as the perennating organs of the plant 
during the unfavourable season and grow up into green aerial shoots 
on the advent of the next growing season. 

Benares, 

September Sth, 1932, 
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THE DISTRIBUTION OF WILD CONIFERS IN THE 
INDIAN EMPIRE 

BY 

Kalipada Biswas, M.A., 

(Offg.) Supermtendenti Boyal Botanic Garden, Calcutta, 


The study of the ‘Distribution of Wild Conifers’ in the Indian 
Empire has been undertaken at the suggestion of Dr, Birbal Sahni, 
Professor of Botany, Lucknow University, to whom I offer my grateful 
thanks. The present paper on living Conifers forms more or less a 
counterpart of Dr. Sahni’s account of the Fossil Conifers in this country 
as described in his paper on the “ Eevision of Indian Fossil Plants” 
Part I “ Coniferales ” (Memoirs— Geological Survey of India Paloeontol- 
ogia Indica — New Series — Vol. XI, 1928). It is expected that these two 
papers may throw some light on the problem of the early history of 
the Indian Conifers and their distribution in the Indian Empire. 

The distribution of wild conifers in the Indian Empire is mostly 
confined to the Western and the Eastern Himalayas including the hills 
of Northern Burma, The number of species is not very large but the 
Himalayan Conifers are weirrepresented both in the Western and the 
Eastern Ranges, although predominating in the North-Western 
Mountains. J. D, Hooker in his Flora of British India enumerates 
thirteen genera and twenty-five species of which twenty-three species 
are considered wild. Of these twenty -three species, Agathis loranthifoUa 
Salisb, and Dacrydkm datum Wall., are natives of the Malay 
Peninsula, 

The following list of the species together with the localities, names 
of original collectors and dates of collections as far as available, has 
been compiled from the notes on the sheets of the Herbarium specimens 
of Conifers, collected from the different parts of India, Burma and 
Ceylon. These species have been described by J. D. Hooker under 
Conifereae in the Flora of British India, Vol. V, pp. 643-653 (1890). 
The species considered wild in this paper are those which are mention- 
ed as such by Hooker and other earlier writers, and not marked 
“ Cultivated ” on the sheets of the Herbarium of the Eoyal Botanic 
Garden, Calcutta, The accompanying map (Plate I) illustrates the 
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range of distribution of the wild conifers in India. Some of the 
common wild conifers growing in different parts of the Indian Empire 
have been graphically represented thus:— 


EAST HIMALAYA. WEST HIMALAYA. 
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General Distribiitioo. 

Although i^resent state of our knowledge of the Floras of Nepal, 
Bhootan, Burma and Chino-Tibetan frontiers in the East and Northern 
Persia, Afghanistan and Baluchistan in the west does not allow us to 
make a detailed survey of the distribution of conifers in and about the 
Himalayas, I think it would not be out of place to discuss here the 
general trend of distribution of Indian conifers as far as the Herbarium 
material and literature permit. The range of distribution of the "wild 
conifers as far as the records of the Herbarium sheets show tallies 
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mainly with the notes available in the literatnre. From the data at 
my disposal one is led to draw the following conclusions regarding 
the occurrence of the individual species of the Indian conifers in their 
natural habitats. Gupressus torulosa appears to be the only wild Indian t 
cypress mainly confined to the outer ranges of the North-Western 
Himalaya extending up to Central Nepal (as reported by Don from 
Webb’s collection) and perhaps slightly beyond in its original wild state 
of growth ascending from (5,000) to 13,600 feet. Its occurrence is 
distinctly noticed between 6,000 to 9,000 feet. The presence of this 
species in the Western Himalaya and then in W. Szechuan, China 
where it is said to be common, suggests its extension beyond Nepal 
across Bhootan to the Ohino-Tibetan borders, although, Hooker limits, 
its extension up to Nepal. The gap between Nepal and the Western 
boundary of Szechuan appears to be due to our insufircient knowledge 
of the flora of this important part of the land. It ascends from 5,000 
to (14,000 feet), being abundant between 10,000 and 13,000 feet. Juni- 
perns communis spreads mostly over the North-Western Himalayan 
ranges from Afghanistan to Kumaon from 5,500 to 14,000 feet in alti- 
tude. Kumaon may be considered the eastern limit of its wide range 
of distribution from Northern and Central Europe and the Coastal 
regions of the Mediterranean Sea, through Asia Minor to the North- 
Western Himalaya. Its occurrence has also been noted in the United ’ 
States and Canada. Jimipems pseudo-sabina and Juni perns recurra 
are purely natives of the Himalayas occurring in higher altitudes- 
ascending from (7,500) to 15,000 feet Jmti per us pseudo-sabina, which 
is taken by some as synonymous to Jtmiperus WaMcMana, reaches a 
little higher elevation up to 15,000 feet, being fairly common like that 
of Juni perns recurm between 9,000 and 13,000 feet, Dallimore and 
Jackson considei Juni perns rectirm “ a native of the Eastern Himalaya 
occurring in ” Sikkim and Bhootan, and Juniperus pseudo'sabina 
“ a native of the Himalaya from the Indus to Bhootan ”, But records 
in the Calcutta Herbarium show that both the species are uniformly 
distributed forming evidently mixed association in the eastern and the 
western Himalayas, the latter only attaining a little higher elevation 
than the ioxmev.^Jtmiperus macro poda is mainly an inhabitant of the 
Western Himalaya and abundant in Afghanistan and Baluchistan 
extending up to Persia. Its predominant growth is observed between 
8,000 and 12,000 feet, though some record it from an elevation of (5,000) 
feet. It very rarely ascends, as Kurz’ specimen shows, as high ns 19,000 
feet, in Werangpap Teedong Valley. Cepkalotaxas Mannii is confined 
only to the Khasia hills, Assam, betw^een 3,000 and 6,500 feet, wdiilo 



^ The altitudes- in brackets are taken from literature. 
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G3ph%lot'2xas Griffifnii predominates over the Mishmi hills, Upper 
Assam and passes into the Burmese hill ranges; This species occurs 
evidently in higher altitudes than Gephahtaxas Mannii, s^scending 

3.000 feet to 8,000 feet; whereas Gephalotaxas Mminii extends from 3,000 
to 6,500 feet only. Parkinson considers 0 . Mamiii, a native of Burma- 
But there is no record to confirm this view. The distribution of Taxus 
baccata in the Himalayan ranges may be considered as the eastern spur 
of its great belt of distribution spreading over the British Isles^ 
Europe, Northern Persia and Algeria, and finally entering the 
Himalayan ranges of Afghanistan, Bhootan, Assam and Upper Burma, 
In the Himalayas it extends uniformly both over the Western and 
the Eastern mountain ranges ascending from 5,000 to 12,000 ft., 
exhibiting its dominance in between 6,000 and 12,000 ft. Dallimore and 
Jackson mention Bhootan as its eastern limit of extension, but the 
sheets of this herbarium illustrate its access further into the Chin 
Hills and Ruby mines in. Upper Burma, and perhaps still further, up to 
Chino-Tibetan borders. ''Of the two typical species of Indian Poclocarpus, 
Podocarpus lati folia may be considered to be originally growing on 
the lower hill-forests of South India, Assam and Burma. This is the 
only Peninsular Indian Conifer growing in the Anamalais, Coimbatore. 
Podocarpus ncrifolia has a wider range of distribution ascending up to 

5.000 ft., growing abundantly in the lower hill-forests of the Central 
Himalaya, East Himalaya, East Bengal, (Chittagong Hill Forests), 
Assam, the Andaman Islands, South Burma and Malay Peninsula 
extending down to the Sunda Islands. Its record from China suggesta 
its northern limit of extension, if the Chinese specimens prove 
definitely to be wild. Its extension so far north raises the problem 
how has it crossed the Burmese, Siamese and Chino-Tibetan borders, 
and whether our further knowledge of the flora of this important 
area might reveal its presence in the Eastern ranges of Tibetan 
Burmese and Siamese hills as well. Podocarpus cupressma appears 
to be a Malayan §onifer which has gradually spread over the hill 
forests of Burma, fpinus excelsa is evidently a North-West Himalayan 
species ranging from an elevation ol 5,000 to 12,000 ft. It is abundant 
between 6,000 and 12,000 fi, although, sometimes ascending up to 

i. 12,500 ft., where it often forms a constituent of the conifer forests. 

Its occurrence ill the Central Himalaya, Sikkim and Chumbi Yalley 
might be a later introduction. Dallimore and Jackson remark, 
however, that it extends '' eastward to Nepal”. J. D. Hooker on the 
contrary is of opinion that it is “absent in Central and N.-W. 
Kumaon and in Sikkim ”, I confirm Hooker’s view from the data at 
my disposal. Hooker’s suggestion of its doubtful occurrence ip 
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Alacedonia may bs supported by the tendency of this species 
predominating in the North-Western ranges of the Himalayas, 
especially over the outer ranges extending to the Kafiristan in 
x4fghanistan. Further, the existence of this species in Greece hints at 
its fairly long belt of distribution from Southern Europe .through 
Persia to the Himalayas. But this fact can neither be definitely 
esi ablished from the data at present available, nor definite reason be 
adduced to the cause of this disconnected distribution in Macedonia 
and then in the N.-W. Himalaya, due again to our want of sufficient 
knowledge of this large tract of the country lying across the N.- 
Western Himalaya to the European border, ^inus longifolict is 
mainly confined to the lower -hill ranges, descending to the valleys 
of the western and the eastern Himalayas, where it extends up to 
Bhootan. It ascends up to 6,000 ft., but it is abundant in its wild 
state of growth in between 1,000 ft. and 3,000 ft. On the North-West 
it is said to form an extensive association between 1,500 and 6,500 ft., 
rarely reaching up to 7,500 ft., and above. This pine has adapted itself 
to grow in the plains and some of the magnificent trees are frequently . 
found growing in the gardens of Northern India where climatic 
conditions are more favourable. But good specimens of fairly large 
size are observed to grow as low as nearly the sea-level. Thus in 
the Royal Botanic Garden, Calcutta, where this species had been first 
planted as early as 1794 or earlier, a fairly large number of trees of 
good size is still found growing there. (See plate II). Finus Khasya — 
the well known Khasya pine — is exclusively a native of the Eastern 
spur of the Eastern Himalayan ranges spreading over the Khasya, the 
Jaintia and the Naga Hills and extending to the hills or Upper Burma 
and the Shan Hills, where it appears to gain predominance in growth. 
It aseends from an elevation of 2,000 to 6,500 ft., rarely 7,000 ft., and 
above. Its occurrence in the Philippines, if it is in its wild state there, 
suggests perhaps a touch of Malayan element in it. Pimis Gerardiana 
is chiefly a species of the North-western flank of the Himalayas extend- 
ing from the Punjab Himalaya to Afghanistan and Baluchistan ranging 
from an altitude of (5,000) to 10,000 ft., sometimes ascending 11,000 
ft., rarely 12,000 ft., and above. Pi7ius MerkusU, the Tenasserim pine, 
as its name suggests, is a Southern Burmese species spreading over low 
hills and extending to Cochin China, the Malay islands and the 
Philippines. It is said to be one of the most common conifers of Siam 
and occurs from an elevation of (500) to 2,000 ft., rarely 3,500 ft., and 
above. Gedms Lihmi var. Deodara — (Qedrm Dsodara of London) is 
evidently a native of the North-West Himalayan ranges and occurs 
extensively, between elevations of (3,500) and 8,000 ft., sometimes 
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reaching 10,000 ft., rarely ascending 12,000 ft. It extends to Afghanistan 
as well. Brandis considers Kumaon and Nei^al specimens of this 
Conifer cultivated, ^icea Morinda (to this is included Ficea morindou 
des of Eehder) spreads over the mountains of the Western and the 
Eastern Himalayas extending from near Afghanistan, Chitral, Hazara, 
Kumaon, Simla, Nepal to Sikkim. Its altitudinal range is from (6,000) 
to 12,000 ft., and rarely above. It is very likely that the species has 
penetrated into the hill ranges of Bhootan and beyond into the far 
eastern spurs of the Himalayan ranges. But this demands exploration 
in the hills of Bhootan and mountains of Northern Burma, although, 
Griffith’s specimen of Ficea morindoide^ from Bhootan (as noted by 
Dallimore and Jackson) substantiates uniform continuity of distribu- 
tion of Fiom Morinda itom Chitral and beyond in the west, to Bhootan 
and beyond in the east. Its association with Tsuga Bnmonimia also 
suggests continuity of distribution of one and the same species in the 
west and the east Himalayas. The occurrence of Abies spinuhsa — 
(Ficea in Bhootan, as reported by Griffith, again confirms 

the suggestion of uniformity of distribution in the west and the east 
Himalayas^Ts2iga Bruno7iiana forms an important constituent of the 
conifer forests extending over the mountains from Kumaon, Nepal to 
Sikkim, where it is said to be abundant in the inner ranges. It is 
common between elevations of 6,000 to 10,000 ft., below silver fir 
forests sometimes ascending slightly higher (10,500 ft.). Abies Webhiana 
is indigenous to both the western and the eastern Himalayan ranges 
extending from Afghanistan to^Sikkim ascending from (7,000) to 12,000 
ft., though sometimes rising up lo- 13,000-14,000 ft., in altitude. Laria) 
GriffitHi is confined to the Eastern Himalaya, growing profusely from 
Nepal to Bhootan between elevations of 8,000 and 12,000 ft., attaining 
in Sikkim and Tibet slightly higher altitude. 

The occurrence of Abies ^ Finns exc&lsa, dtmip&rus remwva, Gu~ 
pressus torulosa in the North Burma Hills in recent years is evidently 
due to these species extending beyond their limit of Eastern border 
of distribution or might have been introduced later. The presence of 
Ts%iga ynnnansis in the Burmese borderlands, as recently discovered by 
Parkinson from Chimali pass Pahluka, 8,000 to 12,000 ft., is due to 
this Yunan and S. W. Szechuen species crossing the Chino-Tibetan 
frontiers. V'The pxQBmQQ oi Libocedrus Potaninii in the forest across 
Burmese borderhnds is due again to this S. W. Chinese species 
descending further southwards- Griffith’s record of Cupressus pendula 
in Bhootan is evidently a cultivated form, as G, pendula is a synonym 
of the well known Chinese species Thuja orientaUs var. pendula. As 
regards wild confers of Ceylon there i^^Aio"''lefinit0 records available to' 
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prove which spscies of conifers are indigenous to the island. Although 
there are at present fifty species of conifers under cultivation, it is 
doubtful if there is one purely native of Ceylon. Out of a dozen of 
Marquand's record of conifers collected by Captain E. Kingdon Ward 
from the Eastern Himalaya and Tibet in 1924, only four species— 
Pinus excelsa, Isiiga Bnmoniana, Abies WehUma Larix GriffiiMi 
are wild, the rest appear to be introduced in Tibet. 

Ludwig Budolph in his Atlas dor Pfianzen Geographie fiber Alle 
theile der Erde Berlin (1864) shows the distribution of Tannen (i^bies) 
in the N.-W. Himalaya and Eichten (Pines) in the Eastern Himalaya. 
In the workTs distribution of Conifer forests— as delineated in the 
American Maps recently published-— the Conifer formation appears to be 
somewhat isolated, except one more or less continuous belt running 
along the subarctic and temperate zones. The presence of Conifers 
in the Central Europe, Mediterranean regions and a few in the 
mountains of Northern Persia, then in the Himalayan ranges, China, 
Japan and Siam hills suggests a rather long somewhat uniform belt of 
Conifers in the subtropical zone, gaining predominance in the W. 
Himalaya. The distribution of Conifers in Asia confirms this view 
to a certain extent as the temperate Himalayan belt of Conifers has 
been considered as the fifth of the five lines of distribution of conifers 
suggested by Pilger, This line runs along the high temperate moun- 
tain regions of the Western and the Eastern Himalayas, Eastern 
Tibetan borders and the high mountain ranges of the Burmese 
Himalayas, Chino Tibetan frontiers, Yunan and Szechuan, finally 
passing unto the Chinese and Japanese Hill ranges. Eurther investi- 
gations in the unexplored regions may elucidate this hypothesis. 

I offer my sincere thanks to the Eorest Officers of the different 
provinces of the Indian Empire, particularly to Mr. E. N. Parker, 
Eorest Botanist, Dehra Dun, and Mr. 0. E. Parkinson, Eorest Botanist, 
Eangoon, Burma, for their kind co-operation in the preparation of 
this paper. 

List of AVild Conifers in the Indian Empire noting the localities 
of their distribution. The list is arranged according to Hooker’s Elora 
of British India (Coniferae) Vol. V, pp. 643-653, 1890. 

Order Coniferae 

Genus No. 1, CUPEESSUS Limi. (?. P. 6. 

S'pecies No. I. Cupebssus toeulosa Don, 


* G. P, refers to Bentiiam and Hooker's Genera Plantatum, Vol. HI. dd 
430-442,1883. 
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Area of general distribution ; — 

N. W. Frontier Province j N. W. Himalya ; the Punjab ; Kaslimir ; 
’■ Central Himalaya; Assam (probably cultivated) ; W^allichian sheet 
“ 6046. 

Area of detailed distribution : — 

Quetta Burial Ground at the foot of the Mountains, Julalabad, 
Afgan, Griffith ; near the Farra Eud, Afghanistan, T. Walter Irvine, 
1905 ; District Hazara, Eagrin valley, 13,600 feet, Inayet, 1896 ; 
Afghanistan, Griffith, 1863-64; N.-W. Himalaya, District Chamba 
(Pangi), Sural Valley above Chabi Got, 12,600 feet, Harsukh, 1899; 
Pangi, Dr. Stoliezka ; Chamba State, J. H. Lace, 1898 ; District 
Janarsai, 9,000 feet, J. F. Duthie, 1894 ; Dewangari Hills Ter, 1866 ; 
Lokanda Marama Limestone, Dr. Brandis; Mussourie, 6,500 feet, 
W. T. Saxton, 1915 ; Mussourie, George King, 1869 ; Falconer, 1865 ; 
Jemmai, J. S. Gamble, 8,000 feet, 1898 ; Elysium Hill, Simla, 6,500 feet 
J.S. Gamble, 1877 ; Kulu, 1882; Ghenab Valley, Madagraon, 10,000 
feet, 1881 ; Simla, 7,000 to 8,000 feet. Hooker f. and Thomson ; Boolyar 
8,000 feet, T. W. Forster, 1894 ; Bhagirathi, banks of rivers 6,500 feet. 
Dr. Schlich, 1883 ; Central Himalaya, W. S. Webb ; Cuma above Naini 
Tal, 1866 ; Assam, Manipur, Political Agent, 1914 ; Manipur S. N. Bal 
(probably cultivated) ; Wallichian sheet 6046A, 6046B, Eastern 

Kumaon and Himalaya, W. S. Webb. 

J. D. Hooker limits the distribution of this species up to Chamba 
from Nepal, but its occurrence in the outer Himalayan ranges in the 
west, as noted by Dallimore and Jackson, suggests its extension beyond 
Chamba, Hazara and Afghanistan and our sheets here confirm this 
view. 

Species No. 2. CUPEESStrs SEMPERVIRBHS Lmn. 

Area of general distribution : — 

Afganistan, North-West India, Wallichian sheet 6046C, 6041D. 

Area of detailed distribution : — 

Afganistan, Griffith Herbarium, Lemann, 1852 , Noithein division 
Dr. Cleghorn, (Planted) ; Poona, 1890 (cultivated) ; N. Bengal, Purnea, 

1 The whole of the Himalayan ranges including the hills of the Northern 
Burma is divided into the eastern and the Western Himalayas. The Central 
Himalaya merges into the ranges of mountains where the Eastern and the 
Western spui's meet at the centre, in and about Western Nepal. 

* ALmong the localities of the Willichian sheet numbers, only those which 
have special reference in the volume of Wallichian sheets have been no.ted in 
detail. The localities of the numbers which have general distribution in the 
Himalayas have not been repeated in the list of detailed distribution. 
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Cultivated, Kurz, 1868 ; old Agartolah, Tippera Hills, 5,000 to 8,000 feet, 
B. M. Debbarman, 1914: (planted) ; Burma, Maymyo, plateau, 3,500 
feet, C. G. B. Dawkins ; Sadon, 4,500 feet. Lady Cuffe 1915, (Hooker 
mentions this as cultivated). [This is an introduced species which has 
acclimatized itself in the North-West India earlier than 1852.] 

Species No. S.GvmESS'OS FUB-mms Endl 
AxeOi of general distribution : — 

Nepal ; Sikkim ; Bhootan, 

Area of detailed distribution : — 

Dehra Dun, 2,200 feet, J. S. Gamble, 1894 (cultivated) ; Sikkim, 
Yaksum, 4,500 feet, T. Anderson, 1862; Tista Eiver, between Darjeeling 
sub-division and border point of Sikkim, Dr. Schlich, 1873 ; Sikkim, 
6,000 feet, Hooker f., and Thomson, Sikkim Himalaya, Dobdie Monas-' 
tery, Toukson, G. Watt, 1887 (cultivated) ; East Himalaya-Griffith, 
1861-1862. [This species is also, according to Hooker, grown near 
Buddhist temples in Nepal, Sikkim and Bhootan. This species, a 
native of Central China, was introduced, and established itself in this 
country before I860.] 

Species No. 4. CUPEESSUS LUSITANICA, Mill var. Benthamii. 

Area of general distribution 
N.-W, Himalaya. 

Area of detailed distribution : — 

N.-W. Himalaya, Kaulagarh Tea Estate, Dehra Dun, E. N. Parker, 
1922, (probably cultivated). This is a native of Mexico, introduced 
in this country in early days. 

Species No. 5. Cupeessus oashmieiana Boyle. 

Area of general distribution . 

East Himalaya. 

Area of detailed distribution : — 

East Himalaya, W. E. Smith, cultivated in N. Italy and supposed 
to be identical with the Bhootan specimens collected by Griflath at 
Dewangiri, 

Species No, d. CUPEESSUS SP. (unidentified). 

Area of general distribution : — 

N.-W. Himalaya. 

Area of detailed distribution : — 

Dist. Chamba, Pangi Sahaul Eoad, near Salgraon, 9,000 ft. ; 
Harsukh — 1899, (may or may not be cultivated). 

Genus No. 2. JuNiPBRtrs Linn. O. P. 7. 

Species No. 1. JtfNlPEB'US COMMUNIS STATE Linn. 

Area of general distribution : — 

Afghanistan N.-W. Himalaya ; Wallichian sheet 6044. 
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Area of detailed distribution 

Afghanistan, Ballad ; Gilgit expedition, Hindukusli, Dn Giles, 
received through Mr. Dnthie, 1887 ; Kashmir, Suknuilah, Dua’s 
valley, 11,000 ft. to 12,000 ft. ; Kashmir, above Doyen, Dist. Astor and 
Karachu valley (1891), 12,000 ft. to 13,000 ft., J. P. Buthie, 1892; 
N.-W. Himalaya, Chamba (Pangi), Ajog forest, 8,500 ft, Harsukh, 
1889; Tola Kumaon-Himalaya, 11,500 ft, E. Strachey and J. E. 
Winterbottom ; Kuti, Kumaon, 11,000 ft, S. E. Kashyap, 1926, Yar. 
Alpina, Milium, Kumaon, E. Strachey and J. B. Winterbottom, 1848 ; 
Ohamba State, N. W. Himalaya above Kilar, 10,000 to 12,000 ft., J. H. 
Lace, 1896 ; N.-W. Himalaya, Tehri Garh-wal, Chensil range, 11,000 ft., 
J. P. Duthie, 1894 ; Jambatai, Ohitral, 10,660 ft., Surg. Lt. Harriss, 
1895 ; N.-W. Himalaya, Hazara, Kagun valley, 13,600 ft., Inayet, 
1896; Pangi (Lahoul), Ghamba State, 10,000 ft., J. H. Lace, 1897; 
Exalpibus Himalayana, Dr. W. S. Webb; Himalayas, George King 
(cultivated), 1869 ; N.-W. Himalaya, Kibar dogri, 9,000 ft., J. H..Lace, 
1890 ; W. Himalaya, 5,000 to 11,000 ft., Hook. f. and Thomson ; 
Parbanee 9,000 to 9,500 ft.. Dr. Brandis, 1864 ; N.-Wh Himalaya, 
Eoghie, Dr. Brandis; Lahoul, 10,000 ft to 12,000 ft., E. W. Heyde, 
1877 ; Kashmir, Kangan, Sind valley, 5,500 ft, G. A. Gammie, 1891. 
Wallichian sheet 6044-1824, Neetee, W. S. Webb, East Srinagar up to 
Kumaon India orientaiis, Dr. Wallich, 1869. 
ySpecies No. 2. JUNIPBEUS PSEUDO-SABINA BHsch. and Mey. 

Area of general distribution : — 

N.-W. Himalaya; Tibet; Nepal; Sikkim; Chumbi; Bhootan ; 
Wallichian sheet 6041A, B. C. 

Area of detailed distribution : — 

Ghamba, Pangi, Near Triloknath, 8,000 to 12,000 ft, J. H. Lace, 
1897 ; Kashmir Himalaya, Kilane, Kumaon, 11,500 ft., E. Strachey and 
J. W. Winterbottom, 1848 ; Kuti, Kumaon, 13,000 ft, S. E. Kashyap, 
1926 ; Srinagar, Eobert Brown; Tehri Garhwal, Gangotri, 12,000 ft. 
to 13,000 ft., J. P* Duthie, 1881; Ghamba-Comm. Eobert Ellis, 1880 ; 
W. Tibet, Gode in Hasara (Belli or little Tibet Ghumbi, Neepan and 
Kashmir, J. E. 'Winterbottom, 1847; Nepal, Dr. J. Scully; Sikkim — 
Himalaya, King’s collector, 1888; Sikkim, 10,000 to 15,000 ft., Teum- 
thang, G. King, 1885; Toumrachen Ghu, 12,500 ft., Smith and Gave 
1909; Sikkim, 12,000 ft, W. Wallich, 1870; Eatong, Sikkim, 1857; 
Tongri, Sikkim Tougpong 13,000 ft., G. Watt. 1881; Tongri, T. Ander- 
son, 1862 ; Phalloot, Sikkhn, 13,000 ft, S. Kurz ; Tey lep Pan 13,000 
ft., J. S. Gamble, 1880; Sikkim subalpine, 10,000 to 15,000 ft, Hook, 
f. and Thomson; West of Jongri, 12,500 ft, G. A. Gammie ; Ghumbi- 
Kimpau, 1877 ; Ghumbi State, Kukti pass, J. H. Lace, 1897 ; Eashorg 
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valley, 10,000 ft.. Tolling Hills, Dr. Brandis ; Bhootan, Dr. King’s 

colleetor, 1888 ; Bhootan hills, H, Hamilton ; Kishtwar — Subalpine, 
Hook. f. and Thomson ; Himalaya Tarlaria Gonfines W. S. Wehb, 
Srinagar, Gosiathan, Waliichian sheet 6041. 

J, D. Hooker reduces J. WaUichma to /, pseiLclo-sahina^ but 
Dallimore and Jackson, who consider Hooker as the author of 
J. %oseudo-sahina and not Mscheir and Meyer, have reduced J. pseudo- 
sabma to /. WalUehiana Hooker f. 

pedes No. 3. JONIPEEUS BECURVA Ham. 

Aim of general distribution 

N.-W. Himalaya ; Chitral ; Tibet ; Nepal ; Sikkim : Ghumbi ; 
Bhootan ; Waliichian sheet 6042 A.B. 

Area of detailed distribution : — 

N.-W. Himalaya, Chitral Belief Expedition, Lawari Pass, 10,500 
ft., Brig. Genl. Gatacre D. S. 0., 1895 ; Hazara, Siran Valley, Inayet, 
1896 ; Kashmir, J. P. Duthie, 1893 , var. Sqimmata, Parlatore, Waili- 
chian sheet 6043 0., Alpine Himalaya ; Srinagar, E. Brown ; N.-W* 
Himalaya, Dr. Stoliczka ; Horang, Dr. Brandis, 10,000 ft., J. E. Duthie ; 
N.-W. India, H. B. Boyle ; Tehri Garhwal, Kidarkanta, 10,000 ft., to 

11.000 ft. J.T.D. 1879 ; Intul 12,000 ft., Dr. Schiich, 1883 ; " N.-W. 
Himalaya, Lahaul, 10,000 to 12,000 ft., Heyde; Chitral Expedi- 
tion, Bundai, 9,600 ft., Surg. Lt. Harriss, 1895 ; Lawripass, Chitral 
Expedition, 10,500 ft., Brig. Genl. Gatacre, 1895; Sutlej valley, 
S. E. Kashyap, 1923 ; Samada, Central Tibet, on the road to Gyantse, 
14,100 ft. Way to Kupup 13,000 ft., S. B. Kashyap, 1929 ; Pihdaree 
glacier, Kumaon, 12,500 ft., Sunder dunga 12,000 ft., Kumaon, Niti, 
11,500 ft. Garhwal, B. Strachey and J. E. Winterbottom, 12,000 ft., 
1848 ; Tolu Kumaon— 11,500 ft., E. Strachey and j. E. Winterbottom j 

12.000 ft., 1848 ; Margraon, J. H. Lace, 1897 ; Yatung, S. B. Kashyap, 
1930 ; Khambajong Tibet Erontier Commission, Kajor. E. E. Younghus- 
band, 1903 ; Nepal, Dr. J. Scully ; East Himalaya and Gasaithan, Wal- 
lich, 1824; Sikkim Himalaya Yeumtong (Laehung valley), 13,000 ft., Sibu 
valley, 12,000 ft., G. A. Gammie, 1892 ; Guatong, 11,000 ft., W. Wallich, 
1874 ; Sikkim, 10,000 to 12,000 ft., Hook. f. and Thomson ; Dr. King’s 
collector, 1887 ; Singalelah, Darjeeling, 10,000 ft., C. B. Clarke, 1870 ; 
East Himalaya, Griffith, 1861-~62 ; Bhootan, Sergea mountain, summit 
of ledge towards Bydams, 10,000 ft., ascent of hill to Eydam 9,500 ft. to 

10.000 ft. Waliichian sheet 6042 A.B. 6043 ex Himalaya, 1824. 

J*. squamata^ Ham-, is taken as an independent species by 
Dallimore and Jackson. According to Clinton and Baker this species 


^ Dr. Schlich’s collection is supposed to be a variety, var. squamata Parlat. 
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differs from J. reciirm in having stouter and broader leaves and smaller 
and slightly different kinds of fruits. Its occurrence, as two separate 
species-—/, recuwa and J. sqmmata in Nepal has been recorded by 
D. Don as well. 

,, / Species No. 4, JUNIPEEUS MACROPOBA Hoiss, 
Areaofgeneraldistribution:-— 

Afghanistan ; Baluchistan ; N.-W. Himalaya ; Ohitral; Trans-Indus 
Himalaya; West Tibet; Assam; Wallichian sheet 604/A. 

Area of detailed distribution ; — 

Eewai and Hazara, Afghan; Quetta, 1909; Ghushld, 8,000 ft., 
J. H. Lace, 1886; Earang, 10,000 ft., J. H. Lace, 1890 ; Miium, 
Kumaon, 11,600 ft., E. Strachey and J. B. Winterbottom, 1848 ; 
Kashmir, 6,700 ft., T. Thomson ; Chamba, Punjab, 10,000 ft., A, Pengelly 
1887 ; Simla, Nilany, 10,000 ft. to 11,000 ft. up to 12,000 ft.; Dr. Schlicb, 
1883 ; N. W. Himalaya ^Tailing Hills and Chargo, Dr. Brandis, 
Prankar, 12,000 to 14,000 ft., Dr. Stoliczka ; Werangpap Teedong valley; 
19,000 ft., S. Kurz ; Kashmir, 11,000 to 12,000 ft., Astor, 8,000 ft., 1892 : 
J. E. Duthie, 1892; Jeolikota, Kumaon, N. Gill, 1913 ; Lahul, Jispa, 
S. E. Kashyap, 1919 ; Chitral Belief Expedition 11,000 ft., Surg., Lt. 
Harriss, 1896 ; Ba — N. W. Tibet, 8,000 ft., T. Thomson ; Tibet, 5,000 to 
15,000ft., T. Thomson; Manipur, Assam, Political Agent, 1914 : 
(probably introduced in Assam, as Pimis Khasya is evidently the only 
conifer found growing wild in the Naga Hills and Manipur area). 

Genus No. 3, Oepalotaxus, Sieh. & Zucc. 0. P» 12. 

Species No. l.GmB.hm^Axsj^Mmmi Hoo'k. f. 

Area of general distribution 
Khasia Hills ; Assam. 

Area of detailed distribution:— 

Khasia Hills, 5,000 to 6,000 ft., Muplong, and Lankhla woods, 3,000 
ft., G. Mann, 1885 ; Shillong, Jowai Eoad, Dr. Prain, 1892 ; Bernar- 
dungo, 6,500 ft., J. W. Oliver, 1892 ; Themokidima Eorast, Assam, 5,000 
ft., G. Watt, 1895. 

Species No. 2. Cephabotaxus GRiFFiTHn Eooh. /. 
iVrea of general distribution : — 

Assam ; Burma. 

Area of detailed distribution: — 

East Bengal, 5,000 ft., Griffith ; Duphla hills, J. L. Lister, 1874 ; 
Above Konoma, South East of outpost about 8,000 ft.. Dr. Prain, 1886 ; 

. Naga Hills, High range of hills, near the sources of Kapila river, North 
Cachar, Capt. Bewar, 1857 ; Manipur, G, Watt, 1881-82 ; Saunta- 
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thonlon, Burma, 3,000 to 4,000 ft., A, Eodger, 1916 ; Upper Burma, J. T. 
W. Leslie, 6,000 ft., 1890; Burma, Euby mines, J. W. Oliver, 6,500 ft, 
Dallimore and Jackson, however, mention that this species occurs 
in Mishmi Hills, Upper Assam, at an elevation of 6,000 ft. Griffith’s 
** East Bengal ” evidently refers to Eastern Himalaya including Assam. 
Species No. 3. Cephalotaxus baccata, Linn, as noted on one of the 
sheets of the Genus Gephahtaxus has been collected from Moiignai, 
Southern Shan 'States, by W. H. Craddock in 1900 and mentioned on 
the sheet “ found in wild state” appears to be a form of 0. Griffithii, 
I have not been able to trace this specific name in the literature 
available in Calcutta. 

/Cfemis No. 4. Taxus Tournef. G. P. 13. 

Species No. 1. Taxus baccata, Lin7i, 

Area of general distribution : — 

Afghanistan ; N.-W. Himalaya ; Nepal; Sikkim; East Himalaya 
and Assam : Upper Burma ; Wallichian sheet 6054 A, B, C, D, E. 484^ 
6,055. 

Area of detailed distribution 

Afghan., 1857 ; W. Himalaya-Hazara dist., 5,000 ft., and above, 
Inayet, 1899 ; North-West Frontier Province Janusar, Deoban 9,000 ft., 
F. W. Forster, 1894; Temperate west Himalaya, Hook, L and 
Thomson, 1877 ; Jawnsar divs., Mundali dist., Simla, Hirasingh, 
N.-W.' Himalaya, J. K. Knowles, 1920; Kumaon, 8,500 ft., Jegeswar, 
1848 ; below Baling, Kumaon, 10,000 ft., S. E. Kashyap, 1926 ; Simla^ 

9.000 ft., Gamble ; N.-W. Himalaya, Tehri Forest above Deota, 8,900 ft., 
J. F. Duthie, 1895 ; Chamba State, Kalai Forest, !. H. Lace, 8,000 ft., 
1899 ; Urni Forest, 9,500 ft., J. H. Lace, 1890; Chamba Eobert Ellis, 
1880 ; Mulluk and S. of Bhabel, 9,000 to 12,000 ft., I)r. Stoliczka ; 
Nachar Forest, Bursahir, I)r. Brandis ; 8,000 ft., Nepal, Wallich, 1821 ; 
Webb, E. B. and others, 1822, 1824; Sikkim, Kurz, Hook. f. and 
Thomson, 7,000 to 10,000 ft., H. D. Hooker ; Sangloo, Sikkim, 8,000 to 

10.000 ft., T. Anderson, 1862 ; Tangloo, C. G. Eoger, 1899 ; East Hima- 
laya, Griffith, (Griffith notes Taxus sp., from Bhootan collection as well) 
1861; Khasia HillSy Assam, in the Quercus Bhododend^vii wood, 
Muplang, H. G. Carter, 1920 ; Temperate region, 5,000 to 6,000 ft., 
Hook. f. and Thomson ; Khasi hills and Brahmaputra plains, Kurz ; 
Wallichian sheet, Khasia Hills, 1850 ; Khasia and Jaintia Hills, 5,000 
ft., Nungbiai, G. Mann, 1855 ; Japoo, Manipur, 1882 ; Japoo, Manipur 

8.000 ft., G. Watt, 1881-82; 7,000 ft., Manipur, G. Watt, 1882; Chin 

Hills, Upper Burma, G. E. Dun, 1895-; Burma, Euby mines, 6,500 ft. 
T. W... Oliver, . ' 
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Gemis Wo. 3. PODOGAEPUS L. HeriL G. P. 21. 

Species No. 1. '2omOklim^ JjA^WOiilAWall. 
Areaofgeneraldistiibution:— 

Assam ; Burma ; S. India ; Wallicbian sheet 6050. 

Area of detailed distribution : — 

Assam, G. Mann, 1893 ; Bast Bengal, Griffith, 1863-64 ; Mt. Sillet, 
De Silva ; Barakres 2,500 ft., Kanjiial, 1914; King’s collector 1893; 
Shillong, G. Mann, 1887; Tavoy, Burma, 1925; Pegu-Burma, Kurz; 
Moulmain, Falconer, 1849; South India, 0. A. Barbar, 1908 ; Anainalais, 
S. Coimbatore 4,000 ft., G. C. Wilson, 0. E. C. Fischer ; Wallichian 
sheet 6050. 

Dallimore and Jackson consider P. laU folia Wallich as a synonym 
of F.Wallichianus C. Fresl. 

Species No. 2. PoDOCAEPUS NEBIIFOLIA, Don. 

Area of general distribution :* — 

Central Himalaya; East Himalaya; East Bengal; Assam: Anda- 
mans; Burma ; Malaya Peninsula ; Wallichian sheet 6052 A, B & C. 
Area of detailed distribution 

Nepal, Dr. Wallich, 1889 ; Bhootan, Debrapur, 1864; Bast 
Himalaya, Sikkim, 3,000 ft., T. Thomson, S. Kurz ; Gangtak, Riboo and 
Rhomj)o ; East Bengal, Griffith, 1863-64 ; Assam, Abor Ex]p0dition, 
above Balek, 2,300 ft., I. H. Burkill, 1911-12; Khasia Mt., Oldham ; 
Khasia, 2,000 to 3,000 ft., Hook. f. and Thomson ; Khasia Hills, Syihet, 
Jaintia Hills, 5,000 ft., G. Mann, 1886; Assam, Nambur Forest, G. 
Mann, 1891; Chittagong Hill Tracts, J. S. Gamble, 1880 ; J. S. Lister, 
1876 ; Andamans, King’s Collector, 1884 and 1890 ; South Andaman, 
S. Kurz; Burma, Maymyo, Maung Kan, 1924; Tenasserim, G. 
Gallatly, 1877 ; Wallichian sheet 6052 A, B, C, Nepal, Singapore, 
Calcutta Botanic Garden, 1822. 

Species No. 8. " PoDOCABPirs CUPBBSSINA Br. 

Area of general distribution : — 

^ Burma ; Malay Peninsula. 

Area of detailed distribution : — 

Hupung Valley, Burma, J. Wallace, 1856. 

Species No. 4. PoDOCAEPUS Wallichianus 0. PresL 
Area of general distribution : — 

Malay Peninsula ; Wallichian sheet 6057. 

Area of detailed distribution : — 

Penang, Wallich, 1822; Perak, Scortechini ; Goping Kinta, L. 
Wray, 1883 ; Bakit saga, State of Johor, 1890. 
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This species is nothing but different forms of P. latifolia Wallich 
and I agree with Dallimore and Jactson in reducing P. latifolia of 
Wallich to P* Wallichiamis* 

'^Gemis No* d. PiMUS Linn* (?. P. 26* 

Wo. i^PlNUS BXCBLSA • 

Area of general distribution : — 

Afghanistan; N.-W. Himalaya ; Chitral ; Nepal ; Chumbi; Walli- 
chian sheet 6059 A, B, 0, 2670, 307, 1821-1824. 

Area of detailed distribution 

Afghan ; N.-W. Province, Boolyar, T. W. Forster, 1895 ; Jehru, 
N.-W. Province, 8,000 ft., J. S. Gamble, 1891, Junswar, 7,500 ft., J. S. 
Gamble, 1894 ; Junswar, 8,000 ft., J. F. Duthie, 1898 ; N.-W. Himalaya, 
Dr. Stolickza ; Dr. Brandis ; Bashahr, N.-W. Himalaya, Bahli, 7,500 ft., 
J. H. Lace, 1890 ; Naldehra, N.-W. Himalaya, J. S. Gamble, 1878 ; 
Simla, J. S. Gamble, 1877 ; Kashmir, 5,000 to 11,500 ft., Hook. f. and 
Thomson; Chamba, N.-W. India, Eobert Ellis, 1880; Mussourie, 
G. King, 1869 ; Tehri Garhwal, Lambatach, 7,000 ft., J. F. Duthie, 1897; 
Chitral Expedition, Surg. Lt. Harriss, 1895 ; Murree Hills, Upper Topa, 
6,800 ft., T. A. Sprague, 1910 ; Sikkim, cultivated, 6,000 to 10,000 ft. 
J. D. Hooker : Chumbi, J. W. Edgar and Dingboo, 1877 ; East Himalaya, 
Griffith; Assam, Col. Jenkins (perhaps introduced). [There is no 
Herbarium sheets from Nepal available here, but David Don reports 
its occurrence from Nepal basing evidently on Hamilton and Webb’s 
collection of this species. Marquand records this species from Kingdon 
Ward's collection of E. Himalaya and Tibet, from Tsang-Po Gorge 
2,100 to 2,400 m.] 

SfeoiesNo.2*VmmmmwoiJlkBox'b* 

Area of general distribution : — 

N.-W. Himalaya ; Wallichian sheet 6065 A and B, 1861. 

Area of detailed distribution :■ — 

N.-W. Himalaya, G. King and Brandis; Murree Hills, Lower 
Topa, T. A. Sprague, 1918 ; Nurpur-Kangra Dist., I H. Burkill, 1902; 
Jaru, Simla, 6,000 ft., J. S. Gamble, 1877; Sikkim, J. D. Hooker; 
Bhootan, W. sheet Nepal, Horto. Botanico, Calcuttensis (evidently 
cultivated) 1861. 

/Species No. 8* PiNTJS Khasya EoyU* 

Area of general distribution 

Khasia Hills ; Assam ; Burma ; Wallichian sheet 37499 A. 6064 A. 
Area of detailed distribution : — 

Khasia and Jaintia Hills, Mann ; Bast Himalaya, Eungeet, 2,000 
ft., G. H. Cave ; Assam, Jenkins ; Shillong, 5,000 ft. 0. B. Clarke, 1885 ; 
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Kohima, Naga Hills, Dr, D. Prain, 1886 ; East Bengal, George Watt 
1881-82 ; Inle Lake, Southern Shan States, Burma, N, Annaiidale, 
1917 ; Upper Burma, 0, E, Dun, 1895 : Nut-toung Mts., Burma, Gross, 
1861; Burma, Dr. Brandis; Upper Burma, Euby Mines, Abdul Huk, 
1891 ; Burma, 4,500 ft., J. M. D. Mackenzie, 1915; Koni, Upper Burma, 
J. C. Prazer ; Burma, Pegu, Broke Eidge, S. Kurz. 
y'Species No- 4. PiNUS Gebaediaka Wall 
Area of general distribution : — 

Baluchistan ; N.-W. Himalaya ; Chitral ; Waliiciiian Sheet 6064. 
Area of detailed distribution : — 

British Baluchistan, Barsukh (Afghan) 1897; Bashahr, N.-W, 
Himalaya, Kilbato Sholta, 6,000 ft., J. H. Lace, 1891; Gilgit, Dr. 
G. M. Giles, 1885 ; Astor valley, 8,000 ft., J. P. Duthie, 1892; Punjab, 
Himalaya, Pangee, Dr. D. D. Cunningham, 1884 ; Kunawar, 6,000 to 

10.000 ft.. Hook. f. and T. Thomson; Dr. Stoliczka; Chitral Expedi- 
tion, 10,000 ft., Surg. Lt. Harriss, 1895. 

Boissier records in his Elora Orientalis Aitchinson's collection of 
this species from “Hariab et Kost Affgheniae orientalis 7,000 to 11,000 ft.” 

Species No- 5- PiNUS Meekusii Jmigh- and Be Vriese- 

Area of general distribution : — 

Burma (Upper Tenasserim) ; Malaya ; Siam* 

Area of detailed distribution 

Burma, MorguiDist. Maungook peak, 3,500 ft., Gilbert Eogers, 1910 
Amherst Dist., Thaungyin valley, L H. Lace, 1909; Shan States, 1,700 
to 5,000 ft., J. H. Apbin, 1887; Martaban, Thoungyen, Dr. Brandis. 

Finns montma Dursi, cultivated in Nepal; P- Laricio Foir-, in- 
troduced in Simla and N.-W. Himalaya and cultivated there, collected 
in 1919; F- Finastery Soland, grown in the Government orchards, 
Eanikhet, U. P. Wallichian sheet— 7278, Nepal; F- sylmstris intro- 
duced and cultivated in Eanikhet— U. P. 1920 ; in South India and 
Ootacamund in 1857 and 1858. The above species of Finns have more 
or less adapted themselves to the climatic and edaphic conditions of this 
country. 

/Oenns No- 7. G'E'D'RVB London- G- P- 27- 
^ Species No- I. Cedbus hlBAm Barrel, wn Deodaba Hook. /. 

Area of general distribution 

N.-W. Himalaya ; Gilgit ; Kumaon ; Wallichian sheet 23286 D, 
6060 A, B, 1821. 

Area of detailed distribution : — 

Afghan, Strachey, 1857 ; N.-W. Himalaya, Hazara, 4,500 to 

9.000 ft., Stewart; Junswar Division, 8,000 ft. J. E. Duthie, 1894, 
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J,W. Forster, Dr. Br.nrlie; Pongee, Di-. atoUoeka; Okitel Belie, 
Brpdrhon 7,000 ft, Snrg. LI. Harms, 1895; Dalhoosie, 7,000 ,t 
0. E. Olarke , Simla, T. Thomson, 7,000 to 8,000 ft.. Dr. Sohlich ■’ 

8,500 ft., A. V. Kesaviengar, 1908; Kumaon, Garhwal 1857- 
Garhwal) 10,000 ,t Du, Me; Nepal, cnlfeateO, 1884 ! onlliJed in 
Khasia hills, 4,000 to 6,000 ft., Aifcchinson’s collection of this snecies 

rom the mountains of Dist, Kuram Affghanis 

Nos^"r06n \ mentioned here. Wallichian sheet 

Nos. 6060 A, Knmaon, E. B., Nepal 1821. 

Thk variety of Barrelier’s 0. Libani has been raised by Loudon to 

the rank of the species 0^„« I)aoofamLoudon-asheM b^allimorl 

and Jackson ; and they have sufScient justification in considering C 
Libani, Barrelier ; (Cedar of Lebanon) as a separate species. ‘ 

, Mentis No. 8. PiCBA, Link. G. P. 28. 

Specks No. I, PicEA Morinda Link. 

Area of general distribution : — 

■ Himalaya; Sikkim ; Wallichian sheet 6063. 

Area of detailed distribution : — 

Baklidhar, J. H. Lace 1891 • XT .vcr -a- ^ 

Miamla Dr. Schlich, 1883; w! Himalaya, '“20^10 O^OOo'ffT' 

Thomson Hazara, Kagaon valley, 9,000 to 5,000 ft. Inavet 1898 ■ 
Ohamba State Gothan ridge, 8,000 ft., J. H. Lac; 1898 ;’ 

J. P. Duthie 1893 , Ghitral Expedition, Guger 10 000 ft - Snra ’ t*- 
Hurriss, 1895; Simls, J. S. G«nbl,. 18,1 ; £„muTrGar? 9 i?: 

Ariindali, 8 000 fij., B. E. Bad© 1909* N -W t\ * 

Brsndis; Sihldm, L.ohung 9,ioO 1 .; 1. 1' 

10,000 ft,. King's con<»t„r,1886; Teumthong, “Soft a 

ft a' Eshder), ZsmuVsney'oMO 

ft., Smith and Cave, 1909 ; Sikkim, 8,000 to 10 000 ft T T1 tt ’i 

1885; Ohumbi, 19,000 «, J. 8. O.mbh 1880 ; is ulot-pg “ng 
collector, 1884 ; Chumbi Phari, Dungboo, 1879. ^ ^ ^ 

Griffith reports the occurrence of Abies spinuhsa, which is svno 
nymous to P*ccu Morinda Eehder, in Bhootan. Eehder’s Picea 
monncMdes is evidently, as Dallimore and Jackson remark perha™ 
with, reference to Troup and other authorities a “mnvp f ^ 

than P.Mor%ndck". This may be due to edaphic and climatic vaS,tffiM 
as consffierable variations are noticed among the Herbarium specimens 
Hooker s P^oea Monncla must have included these tender foi-ms as well' 
and I doubt how far the separation of these tender Z oT p 
Monnda raising them to the rank of a species is insHfioi t , 
therefore, considere^after Hooker) P. Mornula as the only species 
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including this iovm {Fieea morindoides), which is predominant 

in the Sikkim Himalayas. Evidently on this ground the sheet 
identified as F. morindoides collected by Smith and Cave from Zemu 
valley ' has been kept in the bundle of P. Morinda. There is, however, 
following remarks on one of the sheets marked Ficea Edgeri ^^Ficsa 
flat-leaved spruce — Chumbi valley. Griffith— •Bhootan, 
Hooker— Lachen, Hooker — ^Yetung. Question is, does Ficea Morinda 
occur at all in Sikkim or E. Himalayas. We have no specimen of 
Hew of it from them.” ‘ 

/Genus No. 9. TSUGA Garriere^ G. F. 29 » 

Species No. 1. TsUGA Beunoniana Garr. 

" Area of general distribution : — 

N.-W. Himalaya ; Nepal ; Sikkim; Chumbi Bhootan ; Waliichian 
sheet 6055, 6061, 1824. 

Area of detailed distribution : — 

N.-W. Himalaya ; Kumaon, Shosa Kali valley, Inayet, 1900; 
Kumaon, 10,000 ft., J, F. Duthie, 1884; Nepal. Dr. J. S. Scully; 
WaLlichian sheet 6061, Nepal 1824, Sebu valley — Sikkim, 10,000 ft., G. 
A. Gammie, 1892; Jemu valley, 9,000 ft., Smith and Cave, 1909; 
Zeumthong, 11,000 ft., G. H. Cave, 1915 ; Sikkim 8,000 to 10,000 ft., J. 

D. Hooker ; Phalloot descent, 11,000 ft., S. Kurz ; Lachung, 1883 ; 
Chumbi and Phari, Einchingong, Dunboo, 1878 ; Chumbi, Neempen ; 
Ta-ssie-chen-loom, Chumbi, King’s collector, 1884 ; Bast Himalaya, 
Griffith, 1861-62. 

Marquand records this species from Kingdon Ward’s collection of 

E. Himalaya and Tibet in Tsangpo Gorge forest above Gompo Ne. 

Engler in his 2nd Edition of Naturlichen, Pflanzen Familien, 2 
Auflage, 13 band, P. 186, 1926, remarks that Tsuga Bmnoniana occurs 
in the inner ranges of the mountains of the Eastern Himalaya from 
Nepal to Bhootan. Hooker, however, mentions that it is wild in the 
Temperate Himalaya from Kumaon to Bhootan, between 8,000 to 
10,500 ft. The localities noted on the sheets of the Herbarium 
specimens available in the Calcutta Herbarium confirm Hooker’s state- 
ment. Don’s Finns dumosa occurring in Nepal is a synonym of Tsuga 
JBnmoniana, so also Finns Bmnoniana oi Wallich. 

;/ Genius No. 10. Abies Juss. G. F. 81. 

Species No. 1. Abies Webbiana Bindley. 

Area of general distribution : — 

Afghanistan, Trans-Indus-Himalaya ; N.-W. Himalaya; Nepal; 
Sikkim ; Assam ; Waliichian sheet 6063, 6056, 1824, 6058A, 6060 A. H. 
Area of detailed distribution : — - 

Afghanistan, Griffith, 1852 ; Bashahr, Baklidhar, 9,000 ft., J. H. 
Lace, 1891 ; N.-W. Himalaya, Mussourie, G. King, 1869 ; N.-W 

985- G 
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Himalaya and Eumaon, Hazara, Dr. Brandis; Chamba, N.-W- India 
0. E. -Ellis, 1880; (var. Pindrow) below Bahing Knmaon, 10,000 ft., 
S. E. Kashyap, 1926 ; N.-W. Himalaya, S. Knrz ; Eoyle, Deoban, N.-W. 
Himalaya, Dr. Brandis; 9,000 to 12,000 ft., T. Thomson ; Debra Dun, 
U. P. Deoban, 8,500 ft., A. V. Kesaviengar, 1908; Above Dwali, 9,500 
ft., Kumaon, E. Strachey and J. E. Winterbottom ; Kathi Pap, 9,000 ft., 
E. Straehey and J. E. Winterbottom; Junsai 8,000 ft., J. S. Gamble, 
1895 ; Tehri Garliwal, 13,000 ft., J. S. Gamble, 1893 ; N.-B. Himalaya, 
Kumaon, T. i\nderson, 9,000 ft., 1857 ; Nepal, Dr. J. Scully ; Walli- 
chian sheet, 6058 A, Gosiathan, 1821 ; Sikkim, G. A. Gammie, 1892 ; 
Sandakphu, G. A. Gammie; Sikkim, 10,000 to 12,000 ft., J. D. Hooker ; 
Phalloot, 10,000 ft., 1887; Sikkim, S. Kurz, 1868; Dungboo, 1878; 
Watt, 1881 ; King’s collector 1882 and 1884; Thumku, 12,000 ft., 
King’s collector, 1885 Assam, Jenkins. 

Marquand records this species from Kingdon Ward’s collection of 
^E. Himalaya and Tibet. Tsang-Po Gorge, 3,000 to 3,400 ft., 1928. 
Genus No. 11. Laeix Miller, G. P. 82. 

A7o. I. Laedc Geiffithii HA;. /. T/i. 

Area of general distribution: — 

Nepal ; Sikkim and Bhootan. 

Area of detailed distribution : — 

Sikkim, Jemu valley, 9,000 ft., Smith and Cave 1909; Sikkim, 
Lachung, 10,000 ft.. Smith and Cave 1909; 9,000 to 12,000 ft. G. A. 
Gammie, 1891; Dr. Cunningham, 1889; Lachen, 10,000 ft., King’s 
collector, 1885 ; Yeumthang, 11,000 ft., G. H. Cave, 1915; 11,000 ft., 
J. D. Hooker ; Chumbi, Dungboo 1877, 1878, 1879 ; East Himalaya, 
Griffith; Jutse to Phari, S. E. Kashyap, 1929; Below Chum pithang 
and Yatung S. E. Kashyap, 1930. 

Marquand records this species from Kingdon Ward’s collection of 
B. Himalaya and Tibet, Tsang-Po valley, Tibet, 3,400 to 4,000 m. 1928. 

Hooker notes that this species is confined to Eastern Nepal, Sikkim 
and Bhootan, altitude 8,000 to 12,000 ft. Pilger in the new edition of 
Pfianzen Eamilien reports its presence at as low as 2,700 m. It appears 
from the sheets available in this herbarium that there is no record 
from Burma, Mr. G. E. Parkinson considers this too as a native of 
Burma. I have not yet received any Burmese specimen to confirm 
Parkinson’s statement. Its occurrence might be due to its extension 
in the Burmese hill ranges in later years. 

Joenus No. 12. "'Daceydium Boland. G. P. 17. 

Species No. 1 "Dacbydium beatum Wall. 

Area of general distribution : — 

Malay Peninsula; Sumatra; Java; Eiji; Singapore; Wallichian 
sheet 6045. , ' . ’ 



BISWAS ON WILD OONIBEES IN THE INDIAN EMPIEB, 43 


Area of detailed distribution : — 

On Mount Ophir, Malacca, A. C. Maingay, 1867 ; Penang, Dr. 
Stoliczka planted in the garden on top of Penang Hill, G. King, 1879 ; 
Fiji island, Dr. Suman 1860 ; Gunong Tahan, Pahang, L. Wray and 
H. 0. Eobinson, 1905 ; Gunong, Bubu Larut, 4,500 ft., L. WYay 1890 ; 
Penang, Dr. Wallich ; Singapore, Sir E. Schomburgh 1859 ; D. falcifonm 
Pilg., Malay Peninsula. Kurz records its doubtful occurrence in Ten- 
naserim. D. Beccari Paul, Malay Peninsula ; Wallicliian sheet 6045, 
Penang Jack and Wallich 1819, 1822, Is. Phillippines, Wallich 1824. 
Qenus No, IS, "Agathis Salish. G. P, 28, 

Species No, 1, "Agathis lobanthipolia Salish . 

Area of general distribution : — 

Malay Peninsula ; Wallichian sheet 6037 A. 
i\.rea of detailed distribution : — 

Waterfall Hill Larut Perak, 2,500 ft., G. Wray ; Government Hill, 
Penang, A. 0. Maingay, 1867 ; Eoyal Botanic Garden, (cultivated) 
1915 ; Botanic Garden, Calcutta, 1834; Collected from Hort. Bot. Cal., 
in 1861 ; Perak, Malay Peninsula, Scortechini, Kunstler 1882, King’s 
collector 1882. flamescens, Gxmgoug, Pahang, 5,000 to 6,000 ft. 
Malay Peninsula, L. Wray and H. C. Eobinson, 1905. 

* The genera marked with an asterisk are not strictly Indian but they have 
been mentioned to indicate the type of Conifers extending down towards the 
Malay Peninsula and beyond, y 

Summary. 

The wild conifers of the Indian Empire are confined to the 
Western and Eastern Himalayas. Hooker enumerates thirteen genera 
and twenty -five species of which twenty-three are wild. Of these again 
Agathis loranthifolia and Dacrydium elatum are wild in the Malay 
Peninsula. A list noting the actual places of occurrence from which 
the plants have been collected, as far as can be ascertained from the 
sheets of the Herbarium specimens of the Eoyal Botanic Garden, 
Calcutta, has been supplied. The collection of the conifers dates as 
early as 1812. 

A short note has been added on the distribution of each of the 
individual wild Indian species of conifers as much as could be gathered 
from the data available. But this statement requires further confirma- 
tion by OKplorations in the little known regions of Persia, Afghanistan, 
Baluchistan, Nepal, Sikkim, Bhootan, Tibet, Northern Burma and the 
most interesting spot from the standpoint of distribution of Floras — 
namely — the frontiers of Tibet, S. China, Yunnan, Szechuan, Northern 
Siam and Northern French Indo-China. But it may be remarked that 
generally speaking Podocarpus neriifolm mA Pinus MerJcusiihBiYe more 
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of Malayan element than Indian. Juniperus communis on the other 
hand forms perhaps an easterly link of the great belt of distribution of 
this species from Central and Southern Europe to Persia ending in the 
Western Himalaya. Tams baccata has also a rather uniform range of 
long distribution from Europe through Persia to Himalaya ending in 
the Chino Tibetan border lands. The rest of the Indian species are 
indigenous to India, and are mainly confined to the Himalayan ranges 
in their -wild state of growth forming frequently mixed associations 
with one or several species of Conifers. 
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BiswAs—Wild Conifers in the Indian Empire. 


Plate II. 



A group of Conifers cultivated in the Royal Botanic Garden, Calcutta 
Pmiis longi folia in the fore-ground. Araucaria cunninghamii, A. Coohii and 
A> Bidwillii in the back-ground. 


1. 1. B. S. XII: 1. 
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Stapp, 0.— Index Londonensis, Tom. 1-6. London, 1929-1931. 

Troup, P,. S.— The Silviculture of Indian Timber Trees, Vol. Ill, 
Oxford, 1921. 

Vbitoh, J — A manual of Coniferae, Chelsea, S. WL, 1881. 

Wallich, N.—PiantaB Asit, Eariores, Yols. 1-3, London, 1830-1832. 


Explanations of Plates. 

Plate I. 

Map of the Indian Empire illnstrating roughly the generic 
distribution of wild Conifers in the Indian Empire. 

Plate II. 

Group of Finns loncjifolia as cultivated in the Eoyal Botanic 
G-arden, Calcutta. Some of the taller specimens are said to have been 
planted as early as 1794 by William Eoxburgh, the then Superintend- 
ent of the Hon’ble East India Company’s Garden by which name the 
Eoyal Botanic Garden, Calcutta, was known at that time. 

Herbarium 

Eoyal Botanic Garden, Calcutta, 

14th October, 1931. 


^ Explanatory Note of the Map (Plate I). 

In this map only the generic distribution of wild Conifers has roughly been 
shown. The predominance of the Conifers both in the number of different 
species and in the number of individuals is observed more in the Western 
Himalaya especially along Kumaon and Garhwal ranges of mountains extending 
up to Tibet and Central Nepal. To plot all the genera illusti'ating their 
specific distribution as well in this part near the Central Himalaya is a difficult 
task, as most of the species run along more or less in the same line varying more 
or less in elevations. The altitudinal variations as well as variations in the 
local distribution has been maintained as far as possible. Moreover, different 
species of one genus has different range of distribution as noticed in Oupressus, 
Juniparus Biid Pinus, Attempts have, therefore, been made to represent in 
a general VNiay the distribution of these different species of each of the genera 
as much as can be managed in the space available. 
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A NOTE ON THE VARIATION OF LEAF 
IN RAILWAY CREEPER 

BY 

B. N, SiHHA. 


What we commonly know as Railway Creeper, is botanically the 
convolvulous member Ipomaea pulchdla, Roth. (L palmata, Borsk.) 
which is abundantly cultivated on railway platforms. It is a peren- 
nial twiner and bears purple, voilet or white flowers almost all the 
year round. 

The leaves of this plant accommodate themselves in relation to 
each other rather very nicely and they form what is known as 
leaf -mosaic. 

The leaves are palmate and are lobed almost to the very base. 
In the matter of iobation, we find a good deal of variation. A collec- 
tion of such leaves was made at Indore in 1930, and the conclusions 
then arrived at, have recently been tested at Cuttack. The results 
obtained are concordant. 

The commonest number of lobes in a leaf is five and it has, 
therefore, been regarded as the central or the mother-type. The 
higher number of Iobation — the rarity of which increases with its 
increasing number— in a leaf, is certainly a dynamic modification of 
the central type, perhaps under cultivation. 

The possible line of variational change is indicated in the text- 
figure where it is at once clear that No. 1 is the mother-type round 
which others are but simple variants. ■ 

The left lower lobe of No. 2 and right lower lobe of No. 3 and 
both the right and left lobes of No. 4, have already produced one 
lobule each. An indication — though an incipient one— -of the forma- 
tion of another lobule on the left lobe of No. 3 is, however, clearly 
discernible. Nevertheless, No. 4 condition becomes gradually very 
much more developed, as we follow Nos. 5-7. A step in advance, in 
the state of afairs, is found in Nos. 8-9 where the right lobule in its 
turn is found to be producing a further lobulation with the consequent 
result that in No. 9 we have a total of eight lobes. 

A glance at the text-figure brings out a very strikmg feature 
namely that the two lowermost lateral lobes (of the mother-type) 
alone seem to have taken part in the modifications referred to and the 
three central ones have so to say remained static. It will then 
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further be seen that after these two laterals have produced their quota 
of one lobule each, they also like the central trio become inert and 

they, so to say, pass on the duty of any further lobulation to the 
two newly fornaed lobules. 



Text-Figure; Ijpomaea pulchella^ Roth. (Railway Creeper): Leaves 
showing variation of the lobes. The possible line of modification is indicated 
by the arrows. X J. 


The facts presented in this note are rather interesting from the 
point of view of variation but they are left as they are without 
entering into any discussion. 

Botant Department, 

EAVENSHAW CoiiLEOE, 

Cijttage:. 


985-7 
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ON SOME ABNORMA.L LEAVES OF GINKGO 

BY 

B. Sahni, Sc.D., 

Professor of Botany^ University of Lucknoiiu 

While searching for flowers on a young maiden-hair tree at 
Lahore in 1920 I noticed a few abnormal leaves such as those shown in 
figure 1. The two lower margins of the triangular lamina, which in a 
normal leaf converge into the petiole, were bent over on the upper side 
and were more or less completely fused together so as to make a funnel. 
The same feature, with slight variations, was seen in 1921 on two trees 
at Mussoorie (West Himalaya) and more recently on one of the two 
plants at Cambridge (England) which are being trained as creepers ^ 
against the south wall of the Botany School. ^ In one case there were 
two little funnel-shaped pockets placed side by side at the base of the 
lamina (fig. 1 f). During the last twelve years I have searched in vain 
for similar leaves on many other trees, e.g., at Dehra-Dun, Calcutta, 
Vienna and the Ginhgo avenue in Dresden. Most of the abnormal 
leaves were gathered from the big male tree at the Municipal Gardens, 
Mussoorie, where a dozen were collected only from the lower branches ; 
the other trees yielded only two or three specimens each. 

The creepers at Cambridge were grafts from Montpellier, the 
plant which yielded the abnormal leaves being a female ; the origin of 
the other trees is not known to me. The maiden-hair tree is such a 
familiar plant in the Ear Bast that this abnormality will probably 
be well known in that part of the world, but I have not come across 
any reference to it in the literature. Professor Seward, who was 
kind enough to read this note in typescript, has recently informed me 
that he has observed this feature more than once. 

Description. 

As fig. 1 shows, all transitions are to be found between a normal 
flat lamina and a complete funnel. Even in the normal leaves the 
slightly thickened lower margins of the lamina (involute in the bud) 
often meet in an angle on the adaxial face of the petiole, while the 
more or less attenuated margins of the petiole may be continued some 
distance beyond this angle. ^ Velenovsky describes the same feature 
in a more marked degree in the leaves of seedlings. « In figs. 2-4 the 

1 Seward and Go wan (1900) pi. IX, figs. 39, 41 ; Sprecher (1907) figs. 57-59, 64, 

65. 

2 Velenovsky (1907) p. 457, % 291 a, L-E. 
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structure of ^ three funnel-leaves as seen in serial transverse sections is 
diagrammatically shown. Even in a nornial leaf, the two petiolar 
bundles are somewhat inclined towards each other ; in an abnormal 



to fully formed asddia (fc). In / there are two conical pockets at the base of 
the lamina. In i (showing the dorsal surface of the leaf h) the petiole is continued 
into two horn-like processes adnate to the dorsal surface of the lamina. ^ All X 1. 



m iSB smiMMu. ob the imiM botahioae sodiE®. 


leaf they turn round and directly or almost directly face each other by 
their xylems, before they begin to undergo branching. The resulting 
bundles are placed in a ring with the xylem inwards. The central 
cavity begins to appear as a simple or branched slit lined by a cuticle ; 
the stomata are confined to the outer (morphologically abaxial) surface. 

Kg. 4 is interesting as it shows a funnel within a funnel. In the 
microtome series (unfortunately incomplete)^ there is no sign of a 
connexion between the two funnels ; but the inverted orientation of 
the bundles in the inner ring seems to leave no doubt that this is not 
a case of two separate leaves accidentally placed one within the other. 
The inner funnel evidently originated as a solid petiole (fig. 4 a) 
with the usual pair of bundles, but these are inclined towards each 



Fig. 3, 


other by their phloems, not the xylems ; the stomata, too, as expected, 
are here confined to the concave side of the funnel. The whole 
structure thus follows the usual law of inversion, ^ 


^ The sections were made by a pupil, as an exercise in microtechnique. 
^ See Velenovsky (1907) p. 410 & and literature there cited. 
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Discussion. 

My object in ■writing tbis note is to describe rather than to 
attem|)t a theoretical interpretation of these abnormalities. But a few 
comparative remarks may be allowed. Ascidia are well known to 
occur both as a normal and an abnormal feature in many plants ; ^ 
a similar form is often assumed by floral organs, especially stamens 
and petals, when modified as nectaries. Indeed the peltate leaves so 
often found in Angiosperms are not essentially different from ascidia. 
In certain garden varieties of Godiaeum variegatum (familiar in gardens 
under the wrong name of Groton) and in Ficus KrisJmae^ w-e have 
well known cases of leaves variously modified into ascidia. 

It is probably futile to attach a morphological significance to the 
ascidia in Oinhgo. In some well known abnormalities described by 
Shirai, Eujii, Sprecher, Sakisaka and others^ the collar of the ovule is 
replaced by a leaf -like lamina ; in others a leaf is found bearing one or 
more ovules or stamens. The lamina in some of these abnormalities 
tends to envelope the base of the ovule like a cupule. No doubt some | 
of the ascidia described in the present paper recall the cupules of some | 
Pteridosperms. Externally at least, there is a considerable resem- 
blance with Whittleseya ehgans which Prof. Halle^ has recently shown 
to be a campanulate spore-bearing organ. But this resemblance by 
itself may have no theoretical significance, especially as no ovules or 
microsporangia have been found enclosed in the ascidia here described. 

I have said above that even in normal flat leaves the margins 
of the lamina often meet on the adaxial surface of the petiole, 
as in fig. 1 a. The formation of a pocket at the base of the lamina 
is thus only an exaggeration of the same feature. It is interesting 
to find that this feature has been figured in several Mesozoic 
and Tertiary leaves variously referred to the genera Ginlgo, 
QinJcgoites, Ginhgodium and Baiera : Ginkgo leinda Heex^, Oinkgoites 
antarctica Ginkgodhm Nathorsti YdkJ, Ginkgodum gracile 

Tateiwa®, Ginkgoites pluripartita (Schimper)^. In reply to an 
enquiry Dr. T. M. Harris of Cambridge writes that he has also found 
it in some of his Greenland specimens of Ehsetic Ginkgoales ; and I 

i For examples see the general works on plant morphology and teratology by 
Goebel, Velenovsky, Penzig, Masters, 'Worsdell, etc. 

Velenovsky (1907) p. 410. fig. 263 ; Molisch (1930) pi. II. 

8 Fujil ( 1896 ); Sprecher (1907) p. 144, fig. 161; Sakisaka (1929). 

^ Halle (1930) p. 472-73. 

® Yokoyama (1906) pi. 9, fig. 2b. 

« Saporta et Marion (1885) p. 142 fig. 71 A ; Sprecher (1907), p. 183, fig. 209. 

Yokoyama (1889) ; Seward (1919) p. 63, fig. 659A ; Oishi (1931) p. 70. 

8 Oishi (1931) p. 70. 

® See Seward (1926) pi. 9, fig. 86. 



am indebted to him for photographs of a leaf of Gingoites obovata 
Nath, which shows this peculiarity. Dr. Harris, too, holds the view 
that this character is of diagnostic value. He has, in fact, already 
used it to confirm his conclusions (based on cuticles) that one of his 



Fig. 4. 


Figs. 2-4. Microtome sections of three different ascidia, In figs. 2, 3 the 
adaxial side is shown facing downwards* In fig. 4 5-/ the outer funnel is omitted. 
Xylem black, phloem white. All X ca. 20. , 
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Phoemcoms-Vike leaves was, and that another was not Ginlr«r,ci„o„ 
Whether the same peculiarity existed in Palaeozoic members’ of the 
group It IS difficult to say. In fact the attribution 'of many of the 
dei^ eaves, such as species of Psygmophylltm, Bhipidopsis and other 
geneia, to the Ginkgoales is still open to doubt. But if this character 
IS found among any of these Palaeozoic forms it would strongly 
support them reference to that group. In an interesting paper £ 
cently published Dr. 0. Posthumus ^ has shown that cerin fossd 
fern leaves {DwtyophyUum, Gamptopteris) resemble those of some 
living Dipteridineae in a peculiar twist in the base of the lamina • a 
olher ™TOundT^°^^*^°^ of their dipterid affinities, already suspected on 

• 'I M paculiarities sometimes tend 

to persist through geological time. 
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CHROMOSOME NUMBERS OF SOME SOLAN ACEOUS 
PLANTS OF BENGAL 

BY 

Pabam Nath Bhahuei, M.Sc., 

Dei)aTtment of Botany^ Calcutta University. 

Vilmoriii and Simonet (14) in a recent paper have given a com- 
prehensive account of the chromosome numbers of species belonging 
to the family Solanaceae. Their investigation deals mainly with the 
European species and adds considerably to our knowledge of the 
chromosome number of Solanaceous plants. As nothing was known 
of the chromosome complements of the Solanaceous plants of Bengal, 
the present investigation was undertaken with the idea of adding some 
more data to that collected by workers abroad, and incidentally re- 
examining the question of polyploidy in the genus Solanum, in the 
light of the results obtained. The chromosome number of some of the 
species which had already been determined by other workers, were 
re-investigated once again, as it was thought that the cytological history 
of the plants might not be the same. 

Material and Methods. 

The material used in this investigation was collected from different 
localities round about Calcutta. The material was fixed on bright days 
between 11 a.m. and 3 p.m., in the field. To facilitate penetration of 
the fixing fluid the calyx and the top of the corolla were removed from 
the flower buds, leaving the base of the corolla as a ring round the 
ovary, bearing the epipetalous stamens. They were first dipped in 
Acetic-alcohol (1 : 2), to remove the waxy coating from the stamens, 
and then fixed in Allen’s modified Bouin’s fluid. The material was 
then dehydrated, cleared and embedded in the usual way. Sections 
were cut 8 to 10 //, thick and stained with Haidenhain’s iron alum 
haematoxylin. 

Boiling’s iron aceto-carmine method was also employed to obtain 
conformatory results vnth fresh material. This method worked 
satisfactorily with all the species. 

Observations. 

The chromosome numbers of the species investigated were chiefly 
computed from the meiotic stages of the microspore mother cells. 
Check counts were taken from flowerbuds of the same, and different 
plants, to eliminate any possible source of error. 
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It will be noted from the above table that the different species of 
Solanum have 12 as the haploid chromosome number. Solamm nkfrmn 
L., however, gave very interesting results, and showed distinct poly- 
ploidy within the species. Jorgenson and Crane (9) who corroborated 
Winkler’s (15) observations have shown that Solanum nigrim h. has 
36 haploid chromosomes. They also found that S. nigrum yax. Gracih 
Raddi, which resembles S. nignmi L. in all morphological characters 



Text-figure I. Figs. 1-9, Solanum. 10, Lycopersicum. 


1. Solanum indicum L. Heterotypic metaphase. 2. Solanum xanthocarpum 
Schrad & Wendl, Heterotypic metaphase. 3. Solanum torvum Swartz. Hetero- 
typic anaphase polar view. 4. Solanum micranthum Wild. Heterotypic metaphase, 
5. Solanum verhesci folium L. Homotypic metaphase. 6. Solanum trilobatum 
L. Heterotypic metaphase. 7. Solanum nigrum L. (2n), Heterotypic metaphase. 
8. Solanum nigrum L. (4n). Homotypic metaphase, 9. Solanum nigrum L. 
(6n), Heterotypic metaphase. 10. Lycopersicum esculentum Mill. Heterotypic 
metaphase. X l;l00. 

excepting in their more slender habit and more even outline of the 
leaves has also 36 haploid chromosomes. Vilmorin and Simonet (14) 
found a plant, identical with S. gracih Otto, (equivalent to S. gracih 
Link), which resembles S. nigrum L. in all morphological characters 
but possesses 12 haploid chromosomes. 

9e6-8 
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Critical observations of S. nigrum L. for over two seasons have 
brought to light the hitherto unnoticed fact that plante identified as 
S. nigrum L. by Prain (12), Hooker (8) and otherS; differ considerably 
in both morphological and cytological characters. The important 
morphological characters of the three types of S. nigrum L. with their 
chromosome numbers, and also the morphological characters of 
S. nigrum L. (n= 36) as given by Jorgensen and Crane (9) are given 
below in Table II. 



Text-figure II. 'Bigs* Physalis peruviana L. Heterotypic metaphase. 
.V2. Phy salts minima L. Heterotypic metaphase. 13. IVifhania somnifera Dun, 
Homotypic metaphase. 14. Oestrum noeturnum L. Mitotic division in the embryo 
sac. Metapliase, polar view. 16. Nicotianaplumhaginifollia Viv, Heterotypic 
metaphase. 16. Datura fasiuosa L. Heterotypic metaphase. 17. Petunia nyctagi- 
niflora Juss. Heterotypic metaphase. 18. SalpHglossis sinuata Ruiz. Homotypic 
metaphase. 19. Brunfelsia americana Svf. Homotypic metaphase. X 1,100. 



BHADUEI ON SOLANAOEOUS PLANTS OP BENGAL. 59 

gators! ’ ^^bers, aud the names of the investi- 

Table I. 

Chromosome Numbers in Solanaceae. 

Name of the plant. Haploid chromosome Investigator, . 


Haploid chromosome 
' number 

oobCLmmi xanthocarpum 

Schrad and Wendl 


indicum L. 
mrhascifolium L. 
torvum Swartz. 
trilohatum L. 
micranthum Willd. 

nigrum L. 


12 Jorgensen (10) Vilmorin and 
Simonet (14) and Present 
writer. 

Present writer. 


LycoiJersicum esculentum Mill. 


Physalis peruviana L. 

„ minima L. 
Withania somnifera Dun. 
Datura fasHcosa L. 


12 

12 

12 

12 

12 

12 

24 

36 


12 


24 

24 

24 

12 


Ca 8 
10 


Oestrum nocturnum L. 

Nicotiana plumhaginifollia Viv, 

Petunia mjctagini flora Juss. 7 

Salpiglossis sinuata Ruiz. 22 

Brunfelsia americana Sw. 11 


Jorgensen (10) and Present 
writer. 

Present writer. 

Winkler (15), Jorgensen and 
Crane (9), Vilmorin and 
Simonet (14) and Present 
writer. 

Winkler (15). Lesley (11), 
Jorgensen and Crane (9) 
Vilmorin and Simonet 
(14), Cooper (4) and Pre- 
sent writer. 

Vilmorin and Simonet (14) 
and Present writer. 

Present writer. 

Present writer. 

Belling and Blakeslee (1), 

.Vilmorin and Simonet 

; (14) and Present writer. 

Present winter. 

Ghristoff (3) and Present 
writer. 

Ferguson (6), Deiman (5) 
and Present writer. 

Vilmorin and Simonet (14) 
and Present writer. 

present writer. 
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Haploid chroi 
some number. 
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It will b 3 seen from the above table that though the diploid and 
hexaploid plants resemble each other somewhat closely, yet in the 
latter the doral parts are markedly larger than in the former. Besides, 
the berry colour is very characteristic of the three types, and the 
plants can be discriminated readily in the field by this character alone. 
The tetraploid plants differ greatly from the other two types and has 
morphological characters approaching very near to E. Uitmm Mill., 
( = S. tomeMtoBum Lam) as described by Jorgensen and Crane (9), from 
which it differs, however, in the size of the sepals and by the absence 
of the yellow spot at the base of the petals. As the diploid type of 
S', nigrum L. (n = 12) does not resemble (in all external features) 
S. nigrum L. (n« 36) of the previous investigators it is difficult to say 
whether the diploid type represents 8. gracile Gtto (n«12), which 
according to Vilmorin and Simonet (14) closely resembles S, nigrtm 
L. (n = 36) in all external characters. 

It has been pointed out by several investigators that the polyploids 
differ from each other in both morphological and cytoiogical characters. 
Erom Table II it will be seen, however, that though there is some 
difference in morphological characters between the polyploids, no 
gigantism of vegetative organs or cells have been noted. Gershoy (7) 
in Viola has shown that with each higher number of chromosome in 
the polyploids, the chromosome size decreases, while the volume of the 
nucleus and the pollen grain increases. Blakeslee and Belling have 
also found that increase in volume of pollen grains is associated with 
increase in chromosome number in the polyploid mutations of Datura* 
Measurement of pollen grains and pollen mother ceils in the poly- 
ploids of 8* nigrum L* however, failed to reveal any relationship with 
chromosome numbers and dimension of pollen grains. 

It has also been pointed out by several investigators that the 
tetraploids are less fertile than the diploids. According to Sansome 
(13), in Tomato 75 per cent of the pollen grains in tetraploid plants 
are fertile as compared to 100 per cent, in the diploids, and a fruit of 
tetraploid produces, on average, only 20 seeds as compared with 90, 
per fruit, of a diploid. In the tetraploid and hexaploid plants of 
S- nigrum L. a sterility of 10 to 16 per cent in the pollen grains have 
been observed. The polyploids all have been found to fruit equally 
vigorously under favourable conditions. 

In the case of the other plants investigated, the determination of 
chromosome numbers of the previous investigators have been mostly 
confirmed. Of the plants whose chromosome numbers have been 
determined for the first time Bhysalisiminima^ was found to contain 
24 haploid chromosomes as m TTvysaJjis ^peruviana. Brunfelsia ameri. 
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cana^ sliowed 11 haploid chromosomes. Campin (2) appears fco be the 
only investigator who has found this number in Solanaceaj, but he is 
not quite definite. Oonsidering the fact that both Bnmfehm and 
Salpiglossis belong to the tribe Salpigiossoideae the chromosom e 
numbers 11 and 22 do not apx^ear to be at all suiqjrising. The 
chromosomes in Cestrum appear to be very irregular in their shape and 
as such it was rather difficult to obtain definite evidence as to their 
number from the meiotic divisions of the microspore mother cells, and 
the counts were made from nuclei undergoing mitotic divisions in the 
embryo-sac. 

Summary. 

The chromosome numbers of some of the Solanaceous plants 
commonly occurring in Bengal have been determined. The chromo- 
some numbers of the following plants have been determined for the 
first time : — 

Solamm incliam L. (n =12) 

Bolanim verhascifoUum L. (n = 12) 

Solamm trilohaUm L. (n = 12) 

Solamm tormmi Stoartz (n = 12) 

Withania somnifera l}mi {n - M) 

Physalis minima L. (n = 24) 

Cestrum noctimimn L. (n = Ca 8) 

Bnmfelsia americana I Swv (n = 11) 

Polyploidy within the species have been noted in Solanum nigrum 
Li (n= 12, 24 and n= 36). The morphological characters of the 

polyploids have been given. The close resemblance of the tetraploid 
form of S. nigrum with S. luteum Mill, has been indicated. 

I desire to express my thanks to Mr. 1. Banerji for his helpful 
suggestions, and continued interest during the progress of this 
investigation. 
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THE SCENT AND COLOUR OF FLOWERS IN 
RELATION TO BIRD-POLLINATION 

BY 

T. 0. N. SmGH. 

The recognition of the importance of scent in relation to bird-polli- 
nation has been neglected in such a measure that in recent years the 
opinion has been expressed that birds make no use of their sense of 
smell and so none of the flowers habitually fertilized by them are frag- 
rant During the course of his observations on pollination by birds 
in Indian flowering plants, the author has come across certain interest- 
ing facts with regard to scent and colour which call for some critical 
remarks. 

The flowers of the Eubiaceous tree Morinda tinctoria Boxb. are 
croam coloured and when in bloom (April to middle of June), these 
emit a very strong pleasing sweet fragrance which spreads in a radius 
of at least one furlong. It is interesting to record that the mature 
flower is about one-fourth full of a sugary juice which is secreted by 
the nectary at the base of the corolla-tube. In the cool hours of 
morning between five and eight o’clock, this tree is visited almost ex- 
clusively by sun-birds (Ginnyris asiatictis), both male (steel-black : this 
is the colour which it acquires during the mating season) and female. 
The sugary juice is heartily feasted upon by these birds which in 
Indian vernacular are called sluhkardcliord (or the sugar-eaters). This 
name may very fitly be extended even to other such birds. How- 
ever, in this act of drinking the sugary juice from flower to flower, 
the sun-birds unconsciously effect pollination 

Thus we see that the flowers ol Morinda tinctoria "Brnh. are 
not only not scarlet but are at the , same timo sweet scented and 
are pollinated by sun-birds. The absence of scarlet colour and 
presence of scent and yet the occurrence of pollination by birds in a 
single species does really appear to be antagonistic to the prevailing 
idea of ornithophily. Scarlet colour, as is well known, is supposed to 

^ The semt of flowers and 

^ Tiie fuller paper, on the pollination of Morinda tinctoria ‘Roxh* by sun- 
birds, •will subsequently be published. 
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hs common in ornithophilous riowars e.g. Erijthrina mdica , 

caffra Thunb.^, Gkrista-gaUi Jjmri., Jierhecea Linn, and speciosa Andr.^, 
several species oi Lobelia, Begonia fuchsioides Hook., Amherstia nohilis 
Wall, and Brozonea coccinea Jacq. Bombax malabarimm DC, and 
several others; but on the other hand quite a number of plants e.g. 
Butea frondosa Eoxb., Euphorbia pulcharrima Willd., E. splendens Boj, 
ex Hook., Hibiscus rosa-sinensis Linn, varieties of Ganna indica Linn., 
American species of Aechznea and Vriesea Malay Zingiberaceae ® and 
many more may be enumerated, in which the scarlet colour of their 
bracts or corolla, does not exert any induence in attracting birds to 
perform the function of pollination ; while there are others e.g. 
Feijoa SchencMmO' Kiaersk, Vvith snow-white flowers, Marcgravia 
wnballata Linn, with dull brown flowers, Oourouptia guianensis Aubl. 
and Weigela sp. with deep carmine flowers and Strelitzia Beginae Banks 
with bright orange perianth and a large azure labellum possessed of 
flower-colours, other than scarlet, which are regularly pollinated by 
birds. 

So it is clear that we should relinquish the view, which of late has 
been gaining ground, of seeing the scarlet coloured flowers with an 
eye 6f suspicion and regarding most of them to be ornithophilous®. 
It is, therefore, proposed to examine and discuss in brief the characters 
which appear to be of most importance with regard to bird pollination. 

The tree (Morinda) in bloom is leafy and is not in the least so 
conspicuous as the leafless Bombax malaharicmn DC., Erythrina 
indica, Lam. and several other ornithophilous members with their 
scarlet flowers. In the latter, certainly colour does act as a guide 
which purpose in Morinda tmctoria Eoxb. is presumably effected 
through the agency of the sweet fragrance of its flowers. And the 
author has also himself seen in the early hours of morning, sun-birds 
flying to this tree from distant places. 

Already several investigators ® have recognised and the fact is 
now fairly well established that scent plays an important rdle in the 
courtship of moths, butterflies, beetles and fruit-flies. Likewise, in 
Morinda, besides serving as guide, the scent perhaps plays a similar 


1 Singh: Jour, Bomb. Nat^ Hist. Soc. XXXIII, 1929, 

2 Galpin : Gard. Chronicle, IX, 1819; Knuth : Hand-Book of Flower 
Pollination, I. 1908. 

Kerner : The Natural History of Plants, II, 1901, 

Sclnmper : Plant Geography, 1901. 

® Hampton: (1925) ibid. 

® Carpenter : Proc. Eng, Entom. Soc. 1914 ; Hampton : loc, cit . ; Longstaffe : 
BuUer fly Hunting in Many Lands, \ limith.'. loc- cit. 
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part in the way of fulfilment of the most important biological end- 
the courtship-of the sun-birds. Because, these during the period of 
the year intervening between AprR and June, are^ so to say, at the 
height of their mating fervour. This is evidenced by their sweet but 
short pretty chirpings which they give out as they hop from bough to 
bough and also by the steel-black colour of the males. 

From a rather rapid survey related in the preceding paragraphs, 
the following imj)ortant details are at onco apparent in the case of 
certain Indian types : — 


Name of Plant 

Flower Colour 

Scent 1 

Nectary 

Name of Bird 

Morinda tincioria 

lioxb. i 

j 

1 

i 

Cream White 

. 

Strong pleas- 
ing fragran- 
j ce. 

; Sugary juice 

1 produced in 
' great abun- 
dance. 

Cinngris asia- 
ticuSm 

1 

Erythrina indica 
Lam. 

Scarlet 

None 

Ditto 

Acridoiheres 

trististristis 

Bomhax malabari- 
cum DC. 

Scarlet 

None 

Ditto 

Several birds. 


Although the species briefly described here are far removed from 
each other in the natural scheme of classification, yet the most impor- 
tant fact that stands out prominently is the character of the sugary 
juice which is secreted in great abundance by the nectary apparatus in 
each case. This condition is not only characteristic of the species 
referred to but it is so also of other ornithophilous species e.g. 
Marcgravia^, Manettia Protea Brytkrina caff r a Thunb. and 
Tecoma capensis lAnde. Bavenala madagascariemk Gmel. and Sire- 
litzia Banks ^ and several others 

Thus, from a perusal of facts presented, it is clear that the relation 
between bird-pollination and scarlet colour of a flower cannot be 
upheld in the same terms as is often stressed and in the light of tho 


^ Kimth: Icc. cit, Vol. I; Willis: A Dictionary of Flowering Plants and 
Ferns, 1919 . 

^ Knuth : loc> cit, Vol. 11 : Muller : The Fertilization of Flowerst 1883 : 
Rendle : The Classification of Flowering Plants^ fSfol, II, 1996 ; Schimper ; 
Plant Geography^ 1925 , 

3 Schimper: loc. cit,; ^ GoXpm : loc, dt,; Kmuth : loc. cit 

2 Schimper: loc, cit.; ® Knuth : Zoc, Seott-Elliot : Ann. BoU IV and 
V, 1889-91 ; Thomson : Transc, & Proc, N, Z, Instititte, VIII, 1880 ; Kerner : 
The Natural History of Plants^ 11 , 1904 . 
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observations on pollination in Morinda tinctoria Boxb. the view with 
regard to scent (or fragrance), like that of colour, will also need have 
e modified. In fact, these eharacters-scent and colour-which 
w _en present appear to be of secondary importance and help chiefly as 
guides to the pollinators. But, as shown above, the charactL of most 
importance and constant occurrence in relation to ornithophily is the 
pioduction of sugary juice in great profusion. This (sugary juice) by 
i self when stored up in petals (e.g. in Feijoa ScJ^nckiaZ KmI 
themselves or m some sort of a receptacle (due allowance, however 
being made of the size of the bird and flower) formed by the dose 
fitting or otherwise of the sepals or petals or both (as found in known 
, ornithophilous flowering plants), is almost sure to attract birds as 
pollinators. The birds are, after all, gluttons and so they are 
naturally lured by those plants which offer them plenty of food rather 
than flaring colour or pleasing scent. 


I am much thankful to Prof. P. Parija, M.A., I.B.S. for offering 
facilities in his laboratory to bring out this communication in the 
present finished form. 


Eavbnshaw College, 
Cuttack. 




It is with the deepest regret that we have 
to record the sudden and sad death of 
Dr. Winfield Dudgeon. The news came to us 
as a great shock. His connection with the 
Indian Botanical Society is well-known. He 
was not only its first President but also its 
founder. We have lost in him not only an 
able botanist but a kind and generous friend. 
We ofier our most heartfelt sympathy to 
Mrs. Dudgeon in her bereavemeirit. 
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Dr. Winfield Dudgeon, the first President o£ the Indian 
Botanical Society, Head of the Department of Biology in The 
Ewing Christian College, Allahabad, and part-time teacher in the 
University of Allahabad died in America on December 26, 1932. 
His premature death is deeply mourned by all of us, and to those 
who like the present writer, were more intimately associated with 
him, it is a great personal loss. 

I counted it a privilege to be his student, and in this inade- 
quate sketch of his life I have quoted freely from some of his 
letters, so that the readers may have an opportunity of gaining 
more intimate knowledge about his life and work. 

I first came to know him in 1921, as a professor of Botany in 
the Ewing Christian College, Allahabad. After my Intermediate 
I began to come into closer contact with him. I felt so interested 
in his lectures that after passing my M.Sc. in Botany in 1927 I 
refused to do anything else and took up research in Angiosperm 
Morphology under his directions. I continued this for three years 
at Allahabad and even after my appointment at Agra in 1930 1 
kept in dose correspondence with him and greatly profited by his 
advice and encouragement. I saw him last on April 28th, 1932, 
when he came to Agra on his way back from Aligarh to Allahabad 
only to see me before his departure to America on furlough for 
one year. But for him I should not have been a teacher of Botany, 
but should have been somewhere in the Agricultural Department 
of the Jaipur State. 

He w^'as an excellent teacher. While he was not very eloquent, 
his keenness in the subject gave a reality to it. To the Inter- 
mediate students he tried to make the subject as simple as possible. 
He always avoided technicalities, and presented the fundamental 
facts of Botany in a way calculated to excite the natural curiosity 
of his students and to awaken and cultivate in them an increasing 
love for plants. His lectures were brief but inspiring, and the 
M.Sc. students were never tired of hearing him. It was, however, 
in the practical class that he made himself felt most. He would 
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draw tlie most complicated figures on the blackboard witii reiiiark- 
abie ease. His experience as a teelinician prompted liiin to iiiake 
an excellent set of slides of all kinds for class use, and lie took 
delight ill seeing and showing what he taught in his lectures. In 
trips he showed himself to be more active and hardy than liis 
students who were much younger in years. While others would 
merely look on, he ^feld climb up a most difficult tree with con- 
siderable ease, get the things -wanted and place them in the hands 
of his students. I remember a trip in which he took out his 
students for a study of the aquatic vegetation of a lake. AVliile he 
was with me and two others standing knee-deep in water and 
showing at wdiat depths the different plants occurred and how to 
look for them, some of the students were merely looking on from 
a distance lest they might spoil their clothes in the water. This 
brought a well-deseiwed rebuke which they may remtmiber even 
now. He never failed to insist that the subject has other value 
than mere passing of examinations, and always attached greater 
importance to an actual study of the plants themselves tluui mere 
book-reading and the cramming of notes. 

While the number of his contributions is not very large, I 
know that he had a good deal of unfinished work which may now 
never come to the notice of others. Like several other people, he 
would start on a problem but after finding out enough about it 
to satisfy his curiosity, he would give this up and jiass on to a 
different one. Besides, he . spent most of his life in an Inter- 
mediate College which could not offer much incentive or facility 
tor research, and his duties left him little time for his w-ork. For 
some time past he was tired of his administrative work and long- 
ed to have more time for his research. During his life-tiine he 
published a number of works of which a brief account will be 
given here. ■ 

His first Botanical contribution w^as on A. study of the 
variation of the iminber of ray flowers of eeiffain Compositae^’, 
published in the Proceedings of the Iowa Academy of Science, 
Volume 14. This 'was followed in 1914 by a note on method 
of handling material to be imbedded in paraffin ’V Published in the 
Botanical Gazette^ Volume 57. In 1918 he published a detailed 
account of the Morphology of crisp a published in the 

Botanical Gazette^ Volume 66. This work was done at the Univer- 
sity of Chicago and formed the subject of his Doctor thesis. 
This opened up on him the problem of the Morphological origin 
of Dicliny and from this time on he began a number of collections 
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to ear^y on this work. After his return to India he became more 
absorbed in studying the ecological aspects of the local vegetation, 
and this resulted in a valuable paper entitled ^^A Contribution to 
the Ecology of the Upper Gangetic Plain’', published in the 
Journal of Indian Botany in 1920. Little more than division into 
phytogeographie regions had been done for India, and his paper 
is a valuable addition to Indian Botany. It ^1922 he was honoured 
with the Presidentship of the Botany Sec^^pif the Indian Science 
Congress, and he gave a very thoughtful and stimulating address on 
^*The Botanical Opportunity in India”. In this he surveyed the 
Botanical w-ork done in India up to that time and suggested new 
lines of wnrk. Y^ounger Botanists might even now read this 
address with profit, since a great deal of what he said at that 
time remains true even to this day. He used to spend his summer 
and Dasehra holidays at Mussourie, and in 1923 he published a 
paper entitled Succession of Epiphytes in the Quercus incana 
forests at Landour, Western Himalayas”, in the. Journal of the 
Indian Botanical Society. During this .time he and Dr. L. A. 
Kenoyer (now in the Western State Normal School, Kalamazoo, 
Michigan, U.S.A.) used to go out on long trips into the Himalayas 
and made extensive collections and notes. Their results were 
published in a joint paper, ‘‘The Ecology of Tehri Garhwal”, in 
this Journal in 1925. 

In 1922 he. published his Guide to Intermediate Botany”, 
an outcome of 10 years’ experience with Indian students and 8 
years of development and rearrangement of an original six-page 
laboratory outline. This has been used with considerable success 
by several teachers of Botany in these Provinces. For some time 
past he had intended to write an enlarged edition of this work, 
but for the last 4 or 5 years he was struggling against time -and 
could not devote as much time to his botanical work as he wushed 
to. .. 

As he had spent several summers at Mussourie, he w^as very 
well acquainted with the flora of the place and his book ^^Keys to 
Mussourie Plants”, published in 1929, can be used with advan- 
tage by anyone who wants to identify the plants quickly with the 
unaided eye, even if he has no previous knowledge of Botany. 
About a year before Ms death he told me that in the next edition 
he would put in some more details so that it could be more useful 
even to serious students of Botany. He had a similar key in 
preparation (based on leaf characters alone) for the identification 
of the trees and shrubs of the Upper Gangetic Plain, and parts of 
it were already typed out when 1 saw it la^t, 
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During the last .4 years he had become greatly interested in 
the morphology of the mango and wanted to know the reasons 
why so many flowers fell off without producing any fruit. In a 
letter, dated February 5, 1928, he wrote — “The mango has become 
0 . fascinating problem. It is the most refractory material I haw 
ever tried to work with. But it has the finest kind of ‘Degeiiera- 
tionserseheinimgen ' i^iaginable. To the best of my knowledge 
the morphology of and of most of the Anaeardiaeeae, , is 

unknown’’. . 

On the lOtli of March 1932, he wrote: “I seem to be excessively 
busy these days. We are in the midst of our amalgamation pro- 
ceedings, and association with the University for degree in Agrieul- 
tnre. I get involved in all of it, and it all takes time. I can 
hardly find time to get some of my Anaeardiaeeae material round- 
ed up. Have a pretty good supply of four spp. now — Mamgifera. 
Odinaj Ei/u/innntiWvand — all of great value in connection 

with the problem of degenerations. Eeeent cuts of mango seem 
to suggest that the fusion nucleus is frequently fertilised, while 
the egg fails to be fertilised. I have made rather large collections 
to try to follow this out, and will work on it next winter”. 

On 2nd May, 1932, only a few days before his departure to 
America on furlough, he wrote: “I am nearing the end of my 
packing, and can see. now how I could finish in a day if necessary. 
I have a large batch of material of Anaeardiaeeae in paraffin. Also 
a host of cakes of Mangifera, It will be a Joy really to have time 
and incentive to work and read”. 

After reaching America he first spent some time in California, 
then got his family comfortably settled in AMES, Iowa, and him- 
self went over to the University of Chicago. Instead of taking a 
well-deserved rest as the conditions of his health demanded, he 
started his work in full swing in the Hull Botanical Laboratory, 
On 2nd October, 1932, he wrote: “I have a nice room, shared with 
a man who will take his Doctor’s- degree in December. I will be 
here only till the end of December, then spend the rest of the 
year at Ames. T am specially anxious to be here for the fall 
quarter, because of the men who will be here then, and not later. 
Chamberlain is retired, and will spend the time from January to 
June in Japan, giving a course of Lectures in Tokyo, then after 
that travelling over the Cycad world as a guest of the Japanese 
Government. Yamanouchi will be here only the fall quarter also. 
I can get along without any of the others”. 

On November 20th, he wrote to another friend “I shall be glad 
to get home next month and end this perpetual separation from the 

985—10 
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family* It is not tlie way I think I ought to live* Here I am 
(University of Chicago) still plugging at the mango problem^ 
working herd and making a little progress. But in time it may 
open lip so that finally I may have a eontribiition that will have a 
great effect on the botanical world. I feel that I have material 
liere, which if rightly interpreted, will carry a step forward onr 
conception of the development of plants 

On the . same date another friend wrot^bont him from Chi- 
cago. ^“Winheld is with ns in our cosy little apartment, but we 
don’t see much of him. He is hard at work on his research prob- 
lem most of the time. He leaves early in the morning and seldom 
gets home before we are in bed at night”. 

These letters show that he was working hard almost up to the 
time of his death. I understand that upon the death of Dr. C. A. R. 
Janvier in 1928, he was offered the Prineipalsiiip of the Ewing 
Cliristian College, but like the true devotee of science that he was, 
he wrote a long letter to the Directors politely declining the offer 
on the ground that he was better fitted to be a teacher and would 
have greater satisfaction in being allowed to continue his work as 
a Botanist. He was, however, persuaded to accept the Acting 
Principalship till the appointment of a new man, and he heaved 
a sigh of relief when Dr. C. H. Rice took over the duties in 1930. 

The move for an Indian Botanical Society was first initiated 
by him and the Society which now has a membership of 150 Bota- 
nists was brought into being largely by his own efforts and enthu- 
siasm. He was elected its first President and since then he always 
maintained a keen interest in it. When this Journal was started, 
it was a very modest and unpretentious undertaking and it often 
suffered from lack of good articles. Most of the papers were 
taxonomic notes or fioristic descriptions written by a few Botanists 
who could be counted on one’s fingers’ ends. In the year 1923, 
thanks to the efforts of Dr. Dudgeon and some other Botanists, it 
was taken over by the Indian Botanical Society. Ever since the 
Journal began to be issued, Dr. Dudgeon determined not to send 
his papers to any other place for publication, though he all along 
continued to be a member of the American Botanical Society as 
well, and might easily have sent his papers to the American Jour- 
nal of Botany or some other foreign Journal. To his students who 
were sometimes anxious to have their papers published abroad, 
he always said '‘You are an Indian and should do your best to 
encourage your mvn journal’’. Today the Journal of the Indian 
Botanical Society has grown eonsiderahly in size and tjje number 
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and quality of its papers is a measure of tlie progress of tlie stiicly 
of Botany in tliis country. It is well known that Dr. Dudgeon 
contributed a fair share to its- deyelopment. 

Perhaps a scientific Journal like this is not the place to speak 
too familiarly of him, yet a few incidents of personal contact may 
not be out of place as they show the real man in him. 

I owe so much to him that after I had finished my educational 
career at Allahabad, I once asked him if I could do anything for 
him by way of return. Quick came the answer: ^^Do for your 
students what I have done for you ’7 I shall never forget that 
sentence. To me it is pregnant with meaning. I have kept that 
as my ideal, and have always tried to work up to it. He knew 
this, and his letters to me showed that he appreciated it. 

On one occasion he spoke to me somewhat to this effect ; 
^‘Panchanan, a Hindu father thinks he has done enough and his 
lifels aim is served if he has a son born and he has been able to 
give him a good edncation and has seen him well settled; in life. 
My son is dead (he was killed in a Railway accident in 1923) ; I 
wish to leave behind me at least one student who Avill carry on 
my name. It will be a great satisfaction if I could push you ahead 
of me in my lif e-time ’ k "Wlio knew that he would pass away at 
a. time when I needed him niostl 

When I went to him for help, he would sometimes keep on 
with me for long hours and get delayed in his meals. This irri- 
tated Mrs. Dudgeon and she never failed to protest, but in this 
matter she could not bring him round to her way of thinking. 
During the years 1928 and 1929 he Avas excessively busy and would 
seldom find time to look over my Avork. As he Avas always dis- 
turbed by students and teachers at his biingaloAC, he Avoiild some- 
times come over to my room in the hostel after his evening meal 
and stay till 12 o’clock in the night looking at rny slides, oifering 
suggestions and helping in the interpretation of difficult points. 

Whenever he Avas asked for anything he seldom refused. He 
gave a lot of financial help to several poor students. Some Avere 
too poor to purchase books, but used his and retained them for 
much longer periods than necessary — sometimes several months. 
This iiTitated him AAdien it interfered Avith his oAvn AAmrk, but he 
seldom spoke an unkind AAmrd. Pie aa^es always AA-illing to sacrifice 
his OAvn time and AAmrk for the sake of a sincere student. Pie Avas, 
hoAA^eA^eiv A?-ery hard on sluggards and gave expression to his dis- 
approbation in language AAdiich though not intended to be offen- 
sive* did inflict AAmunds at times OAving to the precision and em- 
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pliasis with wMeii he gave vent to it. Being a strenuous worker 
lumself, lie could hardly be expected to tolerate any symptoms of 
laziness in his students or assistants. 

During his life-time Dr. Dudgeon exercised a considerable 
influence on the Botany of North India and his students are now 
scattered all over the United Provinces in various Departments 
of Botany and Agriculture. If he could have had a very few 
yeai’s more of undisturbed work, he could have securely established 
his reputation as a Botanist in other countries as well. By his 
death the Indian Botanical Society has lost one of its most enthu- 
siastic members, a man who was loved and admired not only by 
his students and fellow-workers but by many others in different 
walks of life. It was his heart’s desir-e to die in India, serving it 
through the Ewing Christian College. He has left behind him a 
devoted wife and two daughters. Their grief is the greatest, but 
they may derive some consolation from the fact that his death is 
mourned by many others. 

Panchanan Maheshwaei. 

Agra College^, 

Agra^ 

JanucDTy 21, 1933, 
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OBSEEVATIONS IN SHOBT-CUT TO NECTAEY IN 
^ CESTBUM FASGICULATUM, MiRS. 

BY 

B* N. SiNHA* 

While spending a holiday in the Nainital HillSj one fair morn- 
ing my attention was drawn to the visits of a large number of bees 
hovering round the crimson-coloured bunches of flowers of Cestmm 
fnscicidafum growing in my garden. It is a w’-ell established ob- 
servation that beevS play a very important role in the pollination 
of flowers, so prima facie, no suspicion was held out with regard 
to their mischievous activities- But my curiosity was aroused 
when I saw them sitting at wrong spots namely at the base of the 
corolla-tube, instead of its open mouth. This fact along with the 
smallness of the flowers and the bigness of the bees was quite signi- 
ficant of their thievish behaviour. The whole thing thus appeared 
to be very interesting ; so a careful study vras made for a period 
of nearly two months. 

During the last two decades or so, the observations in short- 
cut to nectary has been something of a neglected study. The 
literature that has accumulated in this direction is mainly due to 
the labours of Darwin (1), Hermann Miiiler (7), Fritz Muller 
Ivnuth (6) and a few others, based on their extensive work on pol- 
lination of flowers in both the hemispheres. Recently Otto Porsch 
(9) in his admirable work ^‘Vogelbiumenstundien” has collected 
up the literature with regard to the pollination and short-cut to 
nectaries by birds. Furtado (3) has recorded from Malay, Singa- 
pore, Malacca and other places instances of short-cut to nectary 
by carpenter-bees {Xylocopa laMpes and X. aestuans). In India 
the observations of such a nature, have been described only in 
Beshania grandiflora by Tiwmry (12), and Quisqualis indica L, 
and DelpMmiim sp. by Iyengar (4). In Seshmia grandiflora and 
Qwkqualis mdica, the cuts are elfected by birds while ft Delphi 
nium by the carpenter-bees {Xylocopa sp,). Therefore, from a 
short review of the available literature, it is apparent that nothing 
of the kind, has so far been reported with regard to Cestrum fasek 
cwtem at least from any part of India. 

The Solanaceous gmns Oestrum is 'a large one comprising 
about 150 Species (13) belonging to the Tropical and Sub-Tropical 
America. The species growing inHndia, are all exotic ornamental 
plants cultivated in gardens. But, it is rather 
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some of them have become so well adapted to the climate that they 
grow very luxuriantly in wild state e.g. C, elegamsj ScJihch. (2) 
(at Kodaikaiial in South India at an elevation of 7,000 ft. above 
the sea level). C. Parqiii, L’Herit. (8) (at Abbottabad in the 
Punjab) and a few others. 

Cmtrum fascicidahim is a choice beautiful plant of shrubby 
habit, quite common in Nainital gardens. Usually it flowers 
from May to December. The flowers in their bud condition, are 
erect but at maturity they attain something of a nodding position. 
This appears to be an adaptation to protection of the pollen grains 
from rain or dew. This fact is already known with certain differ- 
ences of details in so many plants including even some species of 
Cestrum (5). 

The flowers although of very beai;tiful colour are scentless. 
The calyx is tubular provided with five teeth and is 8 mm. (tube 
5 mm. and teeth 3 mm.) long and 3 mm. in diameter. The corolla 
is also tubular but it widens out slightly from the base upwards 
and gets narrowed down again like a barrel before ending into 
five teeth (fig. 5). Seldom only four teeth are present. The dia- 
meter of the corolla-tube at the base is 2 mni. and in its broadest 
region is 6 mm. The circular opening of the corolla-tube is 3-4: 
mm. wide and the average length of the tube is 25 mm. The 
nectary disc which secretes honey, is situated just below the ovary 
(fig. 4). A fully mature nectary disc secretes so much of honey 
as to fill about 1/5 of the corolla-tube with the sweet fluid. Cer- 
tainly is the description indicative of the fact that the plants in 
their natural habitat are visited by intelligent pollinating agents 
with long proboscis or small birds (like snn-birds or humming 
birds) provided with thin long beaks. 

The bee which -was observed cutting the corolla-tube is Bom- 
bus Memorrhoidalis^ Smith. ( Plymenopt era : Apidae ) . It measures 
17 mm. long and 8 mm. broad (Photograph). It cuts holes on the 
corolla-tube by the help of its two strong jaws, and drinks away 
the honey by inserting its tongue (about 7 mm. long) through the 
cut or cuts. In habit it is rather timid, as the very presence of 
'.man scares it to the extent that it takes to its wings. Due to 
'this, it was found- almost impossible to watch from; a distance, 
the process of cutting the hole in the eoroUa-tube. It was, how- 
evei^ thus made possible only fc a fair distance by the help of 
■a binoeuJar. 'With great difficulty, a few of them could be caught 
ivt .. . • • . . 
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These bees- usiially- -visit -the -towers in the -moi^ailig, only 
when it is bright and fair. -They come- flying about and after mak- 
ing a few rounds near the shrtih they sit on one of the branches 
and select out only those flowers for their attack which are fully 
grown or nearly so. The young flowers or the buds are not 
bored at all because they do not find any honey there. 

Judging from the description of the flowers and its size 
(mouth diameter 3-4 'mm., length 27 mm.) and that of the Bom^ 
im haemorrhoidaUs (broad 8 mni., long 17 mm.) it appears that 
these bees could never; be expected to be of any use in pollinating 
the flowers. Being bigger in size they could not even enter the 
corolla-tube. However, in case of the cuts on the corolla-tube 
shown in figure 1, it may be possible for the bee to .eifeet self- 
pollination or even cross-pollination if like-ciifs existed oh other 
flowers also, as iii this ease both the anther and the stigma were 
accessible to the insect; but in all probability it was only by 
chance that such cuts were made and that, these had nofhmg fd 
do with the skill of the bees. The poilihating agents of these * 
flowers niust be some other insect or insects with, long proboscis 
or small birds. Attempts to find out the' real ;pollmaTbrs*' have, 
SO' far, been futile. Probably very few of these poinhatprs 
perhaps none at all, visit the flowers, because of their being clepriv-, 
ed of the honey hj Bomhus kaemorrhoidalis. Thus the flowers 
suffer, and do not get pollinated, with the result that most of them 
dry up without producing any fruit. .1 

Amongst the flowers examined most of the cuts^ were situated- 
just above the calyx-tube i.e. at the nearest accessible region of the • 
honey. The following data will give a clear idea about- the situa- 
tion of the cuts: — . 

Total number of the flowers (with cuts) examined. : % . :: 20Q . 

1. Blowers with cuts - on the calyx-tixbe - as well as - ■ 

cm the corollaJube- near the cleft of the calyx 

■-::'teeth - (fig.- 3) ■■ ' '• ' - ' •- -• 8 

2. Flowers with one cut on the eorolla-tube mearr ..w 

: : .'■fh§;;Gleft: of c§lyx:t§eth;-fiflg,/,§):.^ . ddflO uv e.;'40% 

J.; Mowers with .;twO-.eidS:.^ . .. 

^ wjhyh . tprfraoua .-.cuts! begite - . 

M: tha,eorOllattpbe rand: d 

: ■ -tte .neighboftrte^ -ftievclefl'.oftthe .. v%.' i: ' c.’ 

calyx .u...: . y— 
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5. Flowers with one cut only in the middle of the 

corolla-tubs (fig. 6) ... ... 4 i. e« 8% 

6. Flowers with one cut in the middle of the corolla- 

tube and another near the cleft of the calyx teeth 

(fig. 7) ... ... ... 12 i. e. 6% 

7. Flowers with one cut in the upper part of the 

corolla-tube and another near the cleft of the calyx 

teeth ... ... ... ... 4 i. e. 2% 

8. Flowers with three cuts on the upper part of corolla- 
tube and a fourth near the cleft of the calyx teeth 

(fig. 1) ... ••• ... ... 4 i. e. 2% 

As already pointed out, about l/o of the corolla-tube is full of 
honey; and thus the insects which seem to be clever usually make 
punctures on the tube in a region near the cleft of the calyx-teeth. 
This process ensures their getting the honey with absolute certainty 
and also avoids the extra trouble of cutting the calyx as well as the 
corolla-tubs. It will be seen from the data given above that only 4% 
of the flovrers had cubs of the latter nature. For these, the inexperi- 
ence of the insects is solely responsible. The most common cut was the 
one situated just in the neighbourhood of the cleft of calyx teeth. 
Amongst the flowers examined, almost all of them had such cuts with a few 
exceptions. It is from these that they get an easy supply of the honey. 
For the cuts in aberrant positions on the tube there can only be two 
possibilities : these may be due either to the inexperience of some of the 
foolish Bomhus or may just be trial experimental searches after the 
honey before they could locate the right seat of nectar. Any way the 
fact remains that most of the cuts were very properly situated apd that 
only such flowers which had enough of honey (in almost complete ex- 
clusion to the young ones) were the target of attack. This reflects 
very markedly on the cleverness and intelligence of the insect-thieves. 
The cuts, however, themselves are not of uniform shape and size (fig. 8). 
In form they have the outline of amoeba in different stages of its pro- 
gress as seen under the microscope. 

The natural effect of this stealing process of honey certainly has 
resulted in keeping away the real pollinators or in at least minimising 
the chances of attracting the right sort of pollinators to visit the newly 
acclimatised. American Oestrum* As a consequence of this rohbery, the 
plant is unable to set any seeds and if it is not aided by human agency 
to propagate on its species by cuttings, such a plant is indeed exposed 
to the p 0 r|>etual danger of.extinction in its adopted habitat; ' 
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Explanation of the Plated 

*. “• ■'■{c=:calyx4nbe, ■ 'p=coroIla-tub3j 'a=antber/ B=stigma,' 'n.d.== 

Eectary-clisc, c, e.=:cufe- on the calyx-tube, c. p.=cut on the corolla? 

tube) — The- ‘-cuts ’ have all been' drawn by the help of a Zeisa .Camera- 

lucida. 

EiguBES 1-3 and 6-7 : Portions of dowers showing the different 
positions of the cuts in relation to the calyx- and 
corolla-tube, x 4. 

FigiJKE 4 : A longitudinal section of the flower, x 2. 

PiGUBE 5 : A flower of Cestmm fasciculatum. Showing the commonest 
type of cut. X 2. 

PiGUBE 8 : Ten different types of cuts on the corolla-tube, x 4. 
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MEGASPORE FORMATION AND EMBRYO-SAG OF 

ABOmONE MEXIGANA, LINN. 

by 

A. 0. JOSHI, 

DepartmBTtt of Botany, Benares Hindu University, Benares^ 

With on© plat© and one figure in the test. 

Introduction. 

Argemone mexicana Linn, is on© of the first American plants to 
be naturalised in India. The exact date of its entrance into our 
country is unknown, but that it was certainly hero, even in the 
beginning of the 19th century, is proved by a reference to the works' 
of Boxburgh (14) and Wight and Arnott (25). At the present time it 
is one of the commonest weeds all over the country. 

Last year, the writer collected some plants of Argemone mesicana 
from a place in Punjab near Hoshiarpur bearing flowers quite different 
from the normal. Their external morphology was described some- 
times ago (10). Later on, it was decided to study their anatomy too, 
the results of which it is hoped will be published shortly. For a 
proper appreciation of the structure of these abnormal flowers^ 
however, it was thought necessary to work out the structure of the 
normal flowers also. Consequently, parts of two normal flowers were 
fixed and embedded in February last ^nd later on microtomed. Soma 
of these slides also yielded several good sections of the ovules, showing 
the formation of megaspores and the embryo-sac. On consulting 
Schnarf (15) and Schurhoff (16), it was found that nobody has so far 
studied the megasporogenesis or any other xfiiase of the life history of 
this species and as it was found to show some important differences 
from the structure normal for the flowering plants, it was considered 
worth while to publish the results. 

The Material. 

The material of Argemone mexicmia used in the present investiga- 
tion was collected at Benares from the Hindu University grounds. It 
consisted of two ovaries, one from an unopened bud and the other 
from a flower which was in full bloom. It was trimmed from the sides 
to remove the various i^rickles and the two ends to facilitate the 
penetration., of- the fixative, which was- -a -mixture of formalin, glacial 
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ac3tiic acid and 60 par cant aleohol in tha proportion of 5 : 5 : 100« 
Sactions wara cut from ona half of each ovary in a transvarse manner 
and from tha othar half longitudinally. A combination of Safranin 
and Gantian Yiolet was usad in staining. 

Megaspore Fornnafioe» 

Tha dovalopinant of the mogaspores was studied from sections 
provided by tha younger ovary. This is illustrated in figures 2, 3, 4 
and 5. In this ovary the mogaspores were already formed, so that the 
earlier stages were not seen, but so far as figure 3 can give any 
indication, it appears that there is only a single hypodermal 
archssporial ceil which divides by a transverse wall to form the 
primary wall cell and the mogrspore mother cell. The wall cell 
appears to divide once anticlinally and once or twice periclinally to 
form a portion of the wall, 2 to 3 cells thick, which separates the 
Sporog'3nous tissue from the epidermis of the nucellus. The megaspore 
mother cell, as usual, divides first by a periciinal wall into two cells^ 
one uppar and one lower. In the majority of fiowering plants, both 
monocotyledons and dicotyledons, both these cells divide again in the 
same manner by periciinal walls to form a linear row of 4 megaspores. 
In the case of Argmnone, however, their behavior is different. Here the 
upper cell divides first by an anticlinal wall to form two megaspores 
arranged in a line transverse to the long axis of the ovule. The 
division in the lower call bagins later than in the upper cell. This 
Qan be clearly saon from figures 2 and 4. Further the division wall 
here is periciinal, im., in a plane at right angles to the division wall of 
the upper cell and gives rise to two megaspores arranged longitudi- 
nally. The tetrad thus formed is not of a linear type, but “T-shaped”, 
to use the terminology of Palm (II), who was the first person to give 
a complete classification of the different types of megasporo formation 
in the flowering plants. 

Sometimes in longitudinal sections of tha ovule, the megaspore 
mother cell appears to give rise only to 3 megaspores (figures 4 and 5). 
This is, however, only duo to the plane of the section. If longitudi- 
nal sections of the ovule are cut in a plane at right angles to that of 
figures 2 and 3, i.e., in a more or less tangential longitudinal plane, 
only one of the two uppar megaspores is seen at a time and it appears 
that there are only 3 megaspores. 

The morphology of the family Papaverace^, to which Argemom 
w&mcaM belongs, has, on account of the relations of this family with 
the cruoiferiB and the peculiar structure of the flower of two sub- 
families Hypacoidese and Fumarioidesa, been fairly extensively studied. 
Scbnarf {15} cto more than 20 contributions dealing with the 
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development and life history alone of the various members ; and 
although nothing has been so far published aboufe the morphology of 
the genus Argemone, we have a fair knowl3:lg3 about the genera 
Escliholtzui, Hyppcpum, ChBlidonkm, Scmgmnaria, Gkmciim, Papmer, 
Dicentray Corydalis and due to the works of Shaw (17), Huss 

(9), Hogelmaier (5), Surface (20), Vesque (22), Hofmiester (7), Warming 
(24), Guignard (4), Tischler (21), etc. A summary of all the wwk is 
given both by Schiirhoff (16) and Schnarf (15), but a ‘T-shaped’ 
tetrad of megaspores has not been described in any of these genera. 
In this respect Argsmone appears to be different from all of them and 
resembles such plants as Butomus described by Ward (2fS), Jeffermnia 
described by Andre\vs (1), Pot:im:>gston by Holforty (8b Diospyros by 
Yasui (26), Trillium investigated by Heatley (5) and Spangler (18) and 
Thismda and Gasteria studied by Pfeiffer fl2, 13) and StifiSer (19) 
respectively. There appears to be, however, no particular phylogene- 
tic significance in this type of megaspore tetrad as it is found in 
families so wide apart as the Butomacen, Berberidace®, Potamogetona- 
ceae, Ebenacese, Liliacen, Burmanniaceee and Papaveraceee and its 
presence in any one plant is no guide to its affinities. Its importance 
lies in its serving as a link between the tetrahedral tetrad in wMch 
the pollen grains are usually arranged and the linear tetrad which is 
the usual form of megaspore tetrad and bridging the gap between 
these two extreme types.'" 

Of the 4 megaspores formed in Argemo7ze mexiccma, as is normally 
the case in flowering plants, the three upper ones soon degenerate 
after their formation and the lower one alone functions and develops 
into the embryo-sac (figures 2, 3 and 4). In one case, however, a 
deviation was iioticed from this rule. Here (figure 5) it was the 
second megaspore from below which had remained functional, while 
the lowermost along with the two upper ones had degenerated. Such 
variations are known to occur in other plants also and a description 
of these, as were known in their time, is given by Coulter and 
Chamberlain (3) on pages 84 to 86 ; and as they put it, these serve to 
emphasi^ie the megaspore character of all the four cells of the tetrad. 

* The following other genera of plants are mentioned by Schnarf (Embryology 
der Aiigiospermen, Berlin, 1927 ; pp. 97-9S), in which a ‘ T-shaped ’ arrangement 
of the megaspores has been recorded : 

VrUeaf Cpiomorm^^ Allimin^ Brasenmj CaliOinha, BrimySj Asimina^ 
A dank f Ba nu/iculus Myosurm^ Sarracenia-, Garcinia, Moringaf JSaxif rayai 
.Ncurada Eydrostachys, several Cistacese, Malvaco®, and Tiliacese, Paphnej 
Cortusa, Cynoglossum, Trytkraea, Villarsia, AsiolepiaSf Valermmj 

Triglockiny Muppiaj TricyrtiSj Yucca j several Amaryllidacese, JBttrmmmaf 
Uetwanthway Typlm and Flutmthera, 
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Embryo-Sac. 

. ? ■ Iha struoture of ’ the 'embryo-sac was' studied from sections 
provided % the oldar ovary; Owing to its large size it could not be 
possible to get perfect sections, showing all the parts in the same. 
■Por ' this reason a reconstruction was made from a number of serial 
sections and it is reproduced in the accompanying test-figure (fig. 1). 
This figure represents a longitudinal s6ction of the ovule and show 



Fm* 1. ArQ&mom mexicafia* Longitudinal section of the ovule — a reconstruction 
•from: a. number of .serial sections, showing the great disparity in the size. ■ of the 
^gg'S-pparatus and the antipodals. The endosperm formation has set in and- the 
synergids degenerated, x 103, 

(jte.’Stmcture of the ovule when endosbsrm formation had already set 
in. Sections showing a stage earlier than this were not available, 
except a* 2-nncleat‘e embryo-sac which was provided by the young§r 
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ovary and: m . sketched ■ .in fi-gure. :3,- 'hut; it s 0 e,ms -.ta be; .. fairly^; certam" 
from the study: of 'the -egg-apparatus and the antipodals*: that: the 

normal * S-nucleate type ’ of embryo-sac is formed. " - 

, . - The chief feature of the; embryo-sac is- the great differehcB m-&^^ 
size of the ceils of the egg-apparatus, namely the egg cell and synergids. 
and the-'antipodals. The latter are about 8 to iO times larger than the 
former. The- egg-cell is just about 25 microm in diameter.' The 
synergids are even smaller than this. They soon get disorganised and 
do not appear to take any part in the process of fertilisation. The 
antipoclals, on the other hand, at this stage are about 200 microm in 
diameter and form the most conspicuous part of the embryo-sac. Their 
detailed structure is shown in fig. 6. At this time, disorganisation has 
already set in, as can be clearly seen from the appearance of. the 
nuclear wall. The protoplasm is of an alveolar nature and in the 
nucleus, its wall is breaking down. The nucleolus has broken up into 
a number of darkly staining masses which seem to be in a process of 
gradual dissolution. In some of these nucleolar masses small shining 
bodies could be seen. Their exact nature has n-ot been studied by the 
writer but these appear to be of the nature of dissolution products. . . 

’ • Another feature of the antipodals is the presence of large vacuoles 
inside them. These are clearly shown in Mg. 6 which represents “a 
transverse section of the antipoclals. ■ The vacuoles seem to occupy a 
more or less definite position. In a transverse section these are found 
towards the outside of the nucleus of every antipodal cell and on the 
side away from the centre of the embryo-sac. In longitudinal sectioiiS 
of the ovule, the antipodal cells show a vacuole toward their anterior 
end facing the micropyle. It thus appears that every antipodal cell has 
got a vocuole which starts from the micropylar anterior end of the cell 
and extends peripherally on to the side away from centre of the 
embryosac. 

In the above structure of the antipodals, Argemone mexieana shows 
perfect resemblance with the other Papaveraceae whose structure is 
Mown-. Schurhof (16) says that the “ Papawacese are characterised 
by large antipodals. These are uninucleate, in groups of three - and 
possess a vacuole in the anterior plasma/' The embryosac of. Argemone 
agrees in every way withthe above characterisation. Here, however, 
we know further that the vacuoles, which are certainly present in the 
anterior part of the plasma of the antipodals, extend into their sides 
alsOi;'. ■■ ■ ....... - ;■■■■ ^ •. 

Huss (9), who studied the antipodals of Ftmaria, Gorijdalis 
m^'Pmpojv^, found that the antipodals are not vary big in .the young 
condition but these enlarge to a very great extent by the time these 
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begin to degenerate. The antipodais of Argemone studied by the 
writer were in early stages of degeneration. He did not see any 
young antipodais and it is not possible to say, whether the antipodais 
|ii this plant are very large in size from the very beginning or these 
attain this large size only at the time of their degeneration. The 
degeneration stages of the antipodais of Argemone show great 
resemblance with similar stages figured by Huss in his material. 

Another feature appearing to be peculiar to the embryosac of 
Argemone mexicana is the very early and quick development of the 
endosperm. The formation of endosperm had set in all ovules of the 
older ovary examined by the writer whether there was a trace of the 
penetration of the pollen tubes or not and fertilisation had taken place 
or not. In figure 1, for instance, the egg has not yet divided when a 
good deal of endosperm has been formed. This leads one to suspect 
that here also the formation of the endosperm may be beginning 
even before fertilisation, as reported by Coulter (2) for Banwiculus, 
The very near position of the two families in every recent system of 
classification of flowering plants lends a still further colour to this 
suspicion But, whether this is true or not, this much is certain, that 
a great deal of endosperm is formed before the first division of the 
oospore and the beginning of embryo-formation. ■ • 

The poilen-tube was seen to enter through the micropyle in all the 
cases observed. 

A few early stages in the formation of embryo were seen in this 
ovary, but these were too few to enable one to give any description. 

Summary. 

1. The megasporos of Argemone mexicana form a ‘ T-shaped ’ tetrad. 

2. The embryosac is characterised by very large antipodais 
which are 8 to 10 times as large as the egg-cell. They have got large 
vacuoles running from their anterior ends on to the outer sides. The 
synergids are even smaller than the egg-cell and degenerate very 
soon. A great deal of endosperm is formed before the first division of 
the oospore. 

Benabes, 

An^mt 1932, 
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Description of the Plate. 

All the figures are of Argemme memccma and were drawn with the 

help of a camera lucida. 

Fig. 2. A tetrad of 4 megaspores, the two upper arranged transversely, 

the two lower longitudinally. The two upper-most have 

completely degenerated, wdiile the second from below is 
in the process of' degeneration. The lowermost is the 
. • functional -mogaspore. x 1800. 

Eig. 3. A part of the longitudinal section of the ovule, showing the 
upper.' part . of. the- nucellus and a part of the inner 
integument. The megaspore tetrad here is older than 
.tbe.nne.shown..in fig.:, 2.. All the three upper spores have 
■ completely, degenerated,; while the nucleus of the lower- 

. most. ■ functional . ndegaspore. has divided to form a 
. ; 2-nucleate embryosac.. x 1300* . —.1 

Eig. A view of the megasporer* tetrad in- a •tangential longitudinal 
: ;■ ■ •> section ni'.tha mule.- :■ Here :onlyic)n:e%per spore is se^^ 

- -■ ' The. second’ spore - from 'below has not yet degenerated, x 

1300 . 
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Kg. 5. Same as figure 4. Here, however, the lower-most spore has 
degenerated and the second spore from below is the 
functional one. x 1300. 

Kg. 6, A transverse section of the three an tipodals. These are just 
beginning to degenerate. The wall of the nucleus is 
becoming faint, the nucleons has broken up into a 
number of darkly staining masses which are being 
gradually dissolved. Each antipodal cell shows a 
vacuole towards the outside, x 400. 
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SOME OBSERVATIONS ON THE FLOWERS OF 

EBYTHBINA INDIO A, LAM.’^ 


BY 

A. B. Saban, M.Sc. (Agba), 
Bice Besearch Departmenty Sabow. 


The observations recorded in this contribution were made as 
Patna, during the latter part of March, 1932. The author had an 
occasion to notice four kinds of birds, the common bees, and the big 
black ants visiting the flowers of one Coral-tree, (Erythrina indicat Lam), 
almost leafless, in its full bloom. The birds were seen flying from one 
flower cluster to another and appeared to be biting out a portion of the 
flower and sucking up the honey. This prompted the author to make 
a close study of these flowers, specially in respect to the visits paid by 
these birds. 

Instances are not uncommon, whore flowers have been visited by 
birds for sucking up the honey. Cases of short-cuts to nectaries are also 
very common and have been recorded by Furtado Swynnerton 
Tiwari Mullers Debbarman Kiiuth ®, Iyengar ^ and others. 


The work was done in the Botany Department, Ravenshaw College, Cuttack. 

^ Furtado, C. X. Note Short-cuts to Nectaries by Xylocarpas, Jour. Indian 
Bot. Soc.,Vol. IV, 19:4. 

® Swynneiton, C. F. M. Short-cuts by Birds to Nectaries, Jour. Linn. Soc, 
Bot. Vol. XLIII, 191 6, p. 381. 

^ Swynnerton, C. F. M. Short cuts to Nectaries by Blue TitS) ibid, p. 417, 

^ Tiwari. N. K. A note on a Short-cut to the honey in Seshania grandiflorat 
Jour. Indian Bot. Soc., Vol. V, 1926. 

® Tiwari, N. K. A note on the Flowers of Tecoma radicanSy Jour. Indian 
Bot. Soc., Vol. VXII. 1929. 

® Muller* H. Ti^e Fertilisation of Flowers. Eng, Trans, by Thompson, 1894« 
Debbarman, P. M. A short note on the short-cut to the nectar In the 
flowers of CaMqnospermum australe C, and F. Proc. Ninth Indian Sci. Congress 
1923, 

® Knutln P. Handbook of Flower Pollination. Eng. Trans, by Wilson and 
Davis, Kde-S. 

^ lyenger, M, O.'P. T*wo instances of short-cuts by animals to the Nectaries 
of Flo%Yers, Jourandian Bol. Soc., Vol III, 1923. 
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Swynnerton however, has observed short-cuts to nectaries in 
two species of Erythrinas, E, humeana, Sprang, and E* iomentosa, 
E. Br. In both these cases the damage is done by Sunbirds, Widow- 
birds and by such other birds, which damage the flowers more or less 
indiscriminately. In this contribution, the anther neither specifies 
^any particular portion or portions of the flower, where the injury was 
inflicted nor mentions the nature of the damage done. 

Ali has enumerated as many as 46 birds that visit the 
flowers of Erythrma indica, Lam for eating nectar. ,Bnt no mention 
is made by him, about the damage, if any, done by any of these birds 
to the flowers. He, however, has observed that the striped squirrels 
bite into and suck the nectar sac. 

To the best knowledge of the xeresent author there is no record of 
any previous study on short cuts to nectaries in Eryihrma indica, Lam., 
so an attempt has been made hero to describe it in some detail. 

In order to understand the ways by which the birds, which visit 
the flowers of Erythrma indica, Lam., carry out their business a short 
description’^ of the interesting features of the flower seems to be 
necessary. 

The coral-red flowers are produced in dense racemes. The wing 
and the keel petals are almost of equal size. The upper margins of the 
•two wing petals closely overlap each other and their lower margins 
partially overlap the keel petals, which in turn partially overlap 
the stamina! tube (Eig. 1). Thus a closed pouch is formed (Eig. 2). 
The honey which is secreted by a number of rod-shaped glands 
situated at the inner base of the staminal tube (Eigs. 3 & 4), is 
collected at the anterior end of this pouch. 

Just after the flowers open (at mid-night) they contain very little 
honey. The quantity of the honey increases with the time and the 
following evening the maximum is reached. The honey is sweet 
with a slightly bifeter taste. Two samples of the honey were collected 
in the evening and on analysis they were found to contain 26-27 
per Cent of reducing sugar.! 


Swynnerton, C F. M. Short-cuts by Birds to Kectaries, Jour. Linn. Soc. 
Bot.Vol.Xin. 1916, p. 381. 

Alt, Salim A. Flower-birds and Bird-fioweis. Jour. Bom. Nai His. Soc. 
Vol. XXXV, Ho. 3. February 1933. 

For a fuller description the readers are referred to any book of Systematic 
Botany.' 

t The honey was collected at Patna in a dry clean glass-stoppered bottle to 
which a little of toluol was added to prevent bacterial growth. It was analysed 
after 72 hours from the time of collection.. 
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While the common bees and the big black ants visit the flowers 
for pollan and honey, the following birds were seen biting out - a 
little hole at the anterior end of the honey pouch and sucking up the 
honey of the flowers of this plant : — 

1. Orateropus canorus ... The Seven Sisters. 

2. Aracbnaothra asiatica- ... The Sun bird. 

3. Acridot-heres tristis ... The Common Myna. 

4. Acridothores fuscus, ... The Jungli Myna. 

The most common visitors among these birds are the Seven 
Sisters. They visit the flowers ' from morning to evening.. The 
Suiibird comes at about 8 o’clock in the morning and , the. tw:o types 
of Mynas are the occasional visiters. All these birds come in search 
of honey. Since the honey is stored in a closed pouch, it has to- ha 
* rifled’ or a little hole has to be cut out before the honey can, be 
reached. The Seven Sisters and the Mynas bite out a little hola 
(Eig. 1) at the anterior end of the honey -pouch, while the Sunbird by- 
means of its fine beak ‘rifles’ a little opening at the anterior end of 
the honey-pouch, in order to sip off the honey. 

. It is interesting to find that all these birds either bite out or 
‘rifle’ a little hole at the anterior end of the honey-pouch, where the 
honey collects, and not anywhere else. 

The other visitors are the common bees and big black ants. The 
bees come in search of pollen grains, which they take away in large 
quantity. They do not seem to make any attempt to get at the honey. 
Tbo ants wore seen entering and coming out of the honey -pouch 
through the holes cut open by the birds. Most likely they visit the 
flowers for the honey and seems to feed upon what is left behind by 
the birds. 

While making these- observations the author’s attention was 
drawn to the pollination of these flowers. Singh has observed 
at Lucknow that Mynas (Acridotheres tristk) promote pollination 
in Erythrina indica, Lam. According to the present author’s observa- 
tions at Patna the most common visitors to the flowers of Erythrina 
indica, Lam., are the Seven Sisters. Those were seen flying straight 
from one bunch of flowers to another in large numbers throughout the 
day in search of honey. Judging from the frequency of visits paid by 
these birds, it may be said, that in this case, the main credit for 
promoting pollination goes to them. 

Singh. T. C. N. A preliminary note on the Pollination of the Coral-tree 
Erythrina iniica Lam.) Jour. Bombay Natural . History Soa, Feb. i-6, 1929. 




3AEAN ON EBYTEBINA INDICA, LAM. 


9o 


In conclnsion it is my pleasant duty to express my sincere thanks 
to Prof. P. Parija, M.A., I.B.S. for his valuable suggestions and for 
going through the manuscript and 1 also -wish to thank Prof. S. E. 
Kashyap, M.A., I.E.S. for very kindly supplying me some references. 

Explanation of Figures. 

Pig. 1. Photographs of the dower, showing the hole (at the tip of the 
arrow), which has been made by the birds at the anterior 
end Of the honey -pouch x f 

Pig. 2. Photograph of a Sower, showing the uninjured pouch x -| 

Fig. 3. Camera lucida drawing of a Transverse Section at the basal 
region of a flower, showing the honey secreting glands at 
A. X 8 

Pig. 4. The lower portion of a flower cut open longitudinally to 
show the position of the honey secreting glands, A. x 2. 
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VEXJPLOSIVE FRUITS IN VISGUM JAPQmcUM. THUNB, 

'by • 

' ‘ SahNI, ‘ ' 

University of LueTcnotVi - ; 

. It is pnamlly bDliavacl that th3 S33cls of the genus Viscmn^ and 
probably of all the species of LoranthuSi are dispersed by birds, who 
eat the viscid pulp and leave the seeds sticking to the -twigs^ of 
trees on which they rub thoir beaks. Another view which was current 
for some time, but which 'has been espeiimentally shown to ^b^’ 
mistaken- at least* in the case- of V: alburn^ l h thiiM the seeds must 
pass through the alimentary canal of a bird before they can germi* 
natel There is probably no doubt that the wide 'distribution of the 
Loranthacea -is chiefly-' due to the viscid nature -of the berries which 
are carried by birds even to distant ocsanio islands. For this reason 
some interest attaches to those members of the family in which the 
seed, although embedded in a viscid pulp, does not seem to depend 
upon animals for its dispersal. 

The object of the present note is to record one such case, namely 
Viscimi ja 2 ^onicttm, Thunb., which I have had under observation 
during a recent summer vacation at Lansdowne in Garhwal (Western 
Himalayas). In a mixed forest in which the dominant species of 
trees is Querms incma (associated with Bhoclodendron arhoreum, Pmus 
longifolidr ©tc.) there was hardly an oak which did not show one or 
more bunches of the parasite. The minute obovoid fruit ripens during 
the rainy season, which begins in July. The berries^ are scarcely 
% mm long ; when quite ripe they are somewhat translucent, the seed 
being just visible in the broader distal part of the berry. As the fruit 
is so small and inconspicuous, and as I never noticed any bird 
visitors, I kept some plants under close observation with a view to 
ascertain the mode of dispersal. Within the first fortnight of the 
monsoon season a number of seeds were found sticking to neighbouring 
twigs and loaves of the oak, and even on the moss-covered trunks far 
away from the attacked branches. I imagined at first that a possible 
agent in the dispersal might be the elusive cicadas, which are active at 
dusk, and abound in the forest. This was soon proved to be not the 
case. Oak twigs bearing ripa mistletoss were kept indoors overnight, 



^ See Engler and Prantl (1893), p. 163. 

* The berry of the Loranthace^ is in reality a false fruit as it includes the 


hollowed thalamus in which the ovary is*suiik (cf. Engler Iog. cit.). 
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covered with a handkerchief ? the cut ends dippng’ in water. ' In the 
morning- a number of seeds were found-sticking to ‘the cloth or -lying 
in’ the. water-; the empty fruits as- a rule romained attach eel -te- the 
Viscum, but in a few cases these were also lying free. Later in the 
season, when ripe fruits were comi^io-n;-! repeatedly' confirmed the fact 
that the seeds are ejected with force to a distance of two feet or more ; 
they are thus liable to get stuck to neighbouring twigs or fail upon 
branches lower down or g3t washed down by the rain. If caught in a 
gust of wind after bjing ejected they may even be carried to other 
trees. Their dispersal through any other agent, such as birds, seems 
to me very doubtful, except as a chance occurrence, e.g., when a 
seed during its flight through the air may happen to strike a bird. 
The ejection of the seeds can be conveniently watched if shoots 
bearing ripe fruits are kept completely immersed in water. It is 
than seen that the broad upper end of the fruit becomes very 
turgid and bursts at the apex, the seed travelling several inches 
under water. 

I am not aware that the explosive mechanism in the fruit has 
ever been described in this or in any other species of the genus. 

Among works on the Indian flora I have seen descriptions of 
F. japonicum by the following authors : Bamber, Brandis, Collett, 
Engler, Eyson, Hooker, Kanjilal and Parker.^ None of them refers 
to the explosive nature of the fruit. Other species of the genus have 
been described from India, Burma, Ceylon and Java by Cooke, Haines, 
Kurz, Koorders and Trimen Neither those authors, nor Bentham 
and Hooker, nor Engler and Prantl say anything about this feature 
in Vismm ; while Kurz even says that the fruit is indehiscent in the 
whole family. This latter statement is no doubt wrong. Prof. S. R. 
Kashyap drew my attention to Parker’s “ statement that in ArcetdhQ- 
hium Oxijozdri (a minute parasite common on in the interior 

N.-W. Himalayas) the seed is forcibly ejected in a manner somewhat 
like that described above. The process was first described by Eeinaud 
de Eonvert in 1S45 The chief point of difference is that in Arceyr 


^ Bamber (1916). p. 644; Brandis (1911). p 552; Collett (1902), p. 440; Engler 
in Engler and Prantl (18v3), p. 195; F 3 "Son p. 656; Hooker (lS90), p. ^26; 

Kanjilal (1911), p. 339; Parker (1918), .p. 440. 

^ Cooke {1806); I-Iaines (1921), pp. 803-804; 'Kurz (1377), p. .323; .Koorders 
(l9B)Vfrimen (1895) p. ^ ^ ^ .. 

® Parker (191S), p. 440. This autlaor adds, p. 411, that presumably the seeds 
/of 4. are dispersed in the^same jnanner. _ ^ 

® Reiiiaud* de- Fbnvert''(H46); see aii>o ’Stewart {iST*4),tp: ^OSrB^thsCm-'and 
* llodker-*l 1880 s pi 2)3;. J-ohhsob (IBSSlfp. l^Oi pBX fig. Sf-Etigler -ahd*Pran*tl (1893) 
:p..^l.93;fe!rce,U90d); p, 93;Bra-ndb.tl^^^^ n. * 
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thobium the fruit wall is regularly thrown off as a cap which separates 
along a basal ring-shaped line of dehiscence. This latter fact is in- 
teresting because in Viscum japonicumt too, as already stated, the fruit 



Fig. 1. 

Fig. 1, A ahoot bearing female powers a^id fniit§ ” ; the 5te|a is fiat anc} the 
internodes jointed, the shoot Tesembling a miniature Opuntia* 

wall is sometimes thrown off as an empty sac although hare the distal 
end is always ruptured. It would not be surprising to find a similar 
esflosive mecljanism in other Loranthaceae, esj^ialiy m 


•I 
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snacies of Viscum, such as V. articulakm. Tha fact that no such cases 
have baen recorded may ba dua to tha scarcity of observations on the 

living plants® , . . 

It is always an intarasting problam how oartain spaoies of 

plants, apparently, having no very effective means of dispersal, 
have attained a wide geographical distribution. 7^scum japomcum 
is a case in point. This plant occurs over an extensive area 
in the temperate Himalayas, and in the Khasia Hills, the Nilgiris, 



Fig. 2. A median iongitudinal section of a nearly ripe “ fruit style, p. 

perianth, ov. p. remains of ovarian papilla, o.v.b., i. v. b, outer and inner vascular 
bundles, ep, papillose epidermis with thick cuticle, e^id. endosperm (filled with 
starch), emoryo with projecting radicle, v. c. viscid cells with their proximal 
ends merging into the inner vascular bundles ; the striation of the viscid layer as 
shown here roughly indicate^ the lie of the ceils. 

and thQ elevated parts of Ceylon® It extends into China, Japan and 
Australia ; it has also been recorded ■ from Mauritius and from the 
Sandwich Islands. As already stated; the fruit is unattraciiive and, gQ 
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far as I know, is never visited by birds. Apparently the only means 
of dispersal, therefore, is the explosive mechanism in the fruit 
possibly aided to some extent by the wind. It can only be by the 
merest coincidence that a seed thus carried through the air should 
get caught on the plumage of a bird. The chances of distant dispersal 
thus seem to depend more upon the small size of the seed than 
upon its viscid coat. 

An equally interesting case is that of Arcmthobiurw Oxycecln which, 
like Yisctm japonicimi, has an explosive fruit, and a similarly wide 
distribution : Africa, Europe, North America, Himalaya and the Azores 
Islands. In discussing the distribution of this plant Gnppy 
expresses the opinion that birds probably actively disseminate the 
species, carrying the seeds adhering to their plumage. No one has, 
however, actually observed the seeds of this plant adhering to birds. 

A detailed description of the floral and “ fruit ” structure (including 
the development) will be undertaken by Dr. P. Maheshwari but the 
main features of the ripe "‘fruit ”, so far as they relate to the explosive 
mechanism, may be biiedy described here. From the section shown 
in fig. 2 it will be apparent that there is a fundamental ’ resemblance 
with Arceuthohmm as described by Johnson and by Peirce. In a 
median longitudinal section the “ fruit ” of F. japonicum exhibits a 
deceptive resemblance with a Gycas ovule. There is a double set of 
vascular bundles ; the outer set runs in the perianth, while the inner is 
closely in contact with the inner ends of the viscid cells. These inner 
bundles are no doubt specially concerned with supplying the water 
which swells the viscid layer shortly before the ejection of the seed. 
A section cut from material which had been kept for several months in 
formalin-alcohol was placed on a slide in water ; it was noticed that 
the expansion of the viscid layer began at the thicker distal end, which 
became raised in the form of a dome pressing the apex of the fruit 
upwards. This pressure would gradually be communicated to the more 
proximal parts of the fruit, and as the lateral and basal parts of the 
viscid layer also expand, there would be an alLround compression of 
the seed which would only be relieved by an apical rupture, when the 
seed would be shot out like a bullet from a gun. In Arceuthobium 
both Johnson and Peirce figure the viscid tissue as a continuous dome- 
shaped cap to the seed If the sections figured by these authors 
are really median, F. japomcum dlEevs iiom Arceuthobium in the 
fact that the viscid layer is perforated at the top. Another point 
of difference, already noticed above, is the absence, in Viscunit of any 

7 Qiippy ( 1917 )^ p.427. ' ” — — ~ __ 

* Johnson, X, fig. 9; Peirce, loc> ctt„ pi. Ill, / 
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well defined abscission layer. As in ArceutJtobium, the radicle of the 
tiny ill-developed embryo projects from the starch-tilled endosperm 
as a hemispherical knob wbieh is capped by the remains , -of the 
ovarian papilla in the form of an inverted funnel, simulating the 
pollen-chamber of a oycadean ovule. 

Univehsity of Lucknow, 

Botany Department. 
oth January, 1983. 
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A CO>JTRIBUTION TO OUR KNOWLEDGE OF THE 
ALGAL- FLORA OF LAHORE SOILS 

BY .. . 

Hae DYAii Singh, M.Sc., 

Botany Dei^artment^ Pimjab University, Lahore* 


Introduction. 

In the present work an attempt has been made to describe those 
forms which grow in different types of soils found in Lahore and its 
vicinity. On account of the fact that only those algae have been 
described which could grow from the beginning of October, till the 
middle of May nest, n^ostly during the winter months, the number 
of forms studied has necessarily been a very limited one. 

Method and Technique. 

Samples of soils from different localities in Lahore representing 
gravel, sand, loam, and clay were collected. Gravel was collected 
from Shalamar, sand from Bahawalpur road, loam from gardens and 
fields and clay from Eavi bank and canal bank. Humus soil was 
collected from manure pits in Government College Botanic Garden 
and from the jungle on the left bank of river Eavi. 

As a general rule composite samples were taken from a thorough 
mixture of at least 3 borings at 3 different places, to neaiiy the same 
depth in the same locality. 

Most of the soil samples were alkaline in reaction, though a few 
were neutrah 

Soil is collected after the whole apparatus and the culture media 
prepared for the cultivation and isolation of soil algae are sterilised- 
The culture media are sterilized in an autoclave at lbs. pressure for 
15 minutes. . . 

Into each of the sterilized flask a few grams of the soil to be 
examined is introduced by means of a sterilized spatula. The vessels 
are closed and placed under glass cases in the North window and left 
for some weeks to develop. The culture solution used for the purpose 
are the;^qu 0 ous mineral salt solutions, a complete composition of 
which is 'given in' the appendix. Evaporatioh from ' the 'su'rfae0’'tif 
cultures takes place only slowly and if at all any water is needed 
gterUizsd distilled 
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Culture flasks were also set up in the manner of More and Karrer* 
Half an inch of burnt sand is placed in the conical flasks sterilised 
and plugged in the manner already described. A few grams of the soil 
to be investigated is introduced. 

The culture solution is added before the introduction of the soil or 
a suspension of the soil in the mineral salt solution is added. 

The sand in the flasks is slanted so as not to be wholly submerged, 
giving various moisture conditions. 

According to the methods followed by Esniarcln a few petri-dishes 
were sot up, but these did not yield any good result. Soil is packed 
in a petri-dish to a depth of 1 em. well-moistened with sterile distilled 
water and the surface is covered with a piece of pure filter paper. 
These cultures are kept in diffuse light at a temperature of 20° to 25° 0. 
The filter paper is moistened with sterile distilled water from time to 
time. 

Growth in Culture. 

The fir&t sign of growth is observed after different intervals, in 
different soils, and even in the same soil, and in different periods of the 
year. On the surface first a scum gradually appears, which consists of 
bacteria. This scum nest assumes a green tinge while at the samo 
time on the soil surface many small tufts of green patches grow and 
become larger and larger every day. The whole culture medium 
assumes a light green colour owing to the presence of free floating 
unicells or filaments. The greenish scum also thickens gradually and 
the sides of the flask as well become covered with a green or dark 
greenj gelatinous mass. As a result of continued growth, specially 
in culture-flasks in which Osciilatoria grows, the green mass becomes 
very sticky and difficult to be separated from the substratum. The 
culture^flasks which are kept moist show patches here and there of 
green velvety tufts which gradually increase in area. The soil becomes 
covered with a gelatinous mass and in it are entangled the filaments, 
etc. In flasks in which Diatoms develop the surface assumes a dull 
brown colour. 

The first growth except of the uni-cellular aigaj, when examined, 
reveals only a slight development of filaments very difficult to be 
identified. The abnormal condition of excessive moisture under which 
algse grow iu these cultures must tend to produce forms different 
from thoBe^that grow under natural conditions. 

Th 0 rl^^i#a godd growth in culture flasks which are left undistur- 
bed. Those which are frequently handled for Ob^emtions or which 
are taken out of the glass house to be placed, in direct sunlight, 
growth was very slow. The growth is impeded as it were, by 
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disturbanca. It is also aotad that the growth is quicker and > more 
well-marked in culture flasks in which the culture medium -covers the 
soil completely, than in flasks which are kept simply moist and 
wet. Throughout November and December, there was no growth at 
all in culture flasks. The mean temperature of ■ glass house during 
this time was 22° 0. There was slight growth of AlgB in January 
and the first half of February when the mean temperature was 29° G. 
Growth was plentiful after mid-February. Op to this time the result 
seemed to be disappointing. Only six or seven species appeared. 
After mid-February the temperature ranged from 30° C. to 40° 0. 

It is also noted that growth is quicker in culture flasks when; they 
are placed in the South window than when they are placed in the 
North window. In April, however, the flasks had to be placed in the 
North window^ as the direct rays in the South window proved very 
hot and impeded the growth. Four flasks were inoculated using ihe 
same soil and the same culture medium. Two of these were placed 
in the South _ window and two in the- North. Growd-h was first 
observed in flasks which were placed in South window. 

Different genera and even the different species are observed never 
to grow simultaneously in culture flasks having the same type of soiL 
In the floating scum various unicellular forms, for example, Ghloro- 
coGcum, Protococoum, etc. appeared interspersed a little later with 
undeveloped filaments of Ostillatoria. Phormidium faveolarum and 
Nostoc filaments come out next and grow in almost all the flasks. 
Three weeks after that iVnabaena and other species of Phormidium, 
Scytonema, Oylindrospermum sp. make their appearance in succession. 
Still later more species of Nostoc, Anabaena, Oaloohrix and Scytonema 
make their appearance. Next appear Hapalosiphon and Fischerella 
sp. After that long, broad, circular colonies of Nostoc appear which 
develop to form a large net-work of Nostoc filaments. At the same 
time soma green alg 36 make their appearance at this stage, e.g., 
Glothrix, Hormidium sp. etc. Diatoms appear quite early and 
continue to remain there for a considerable long time. - 

IsolatiGn of Pure Cultiires. 

An attempt has also been made to isolate pure cultirres of algae, 
by following Waksman (1) and Ward (6). • Only in the former, pui*8 
colonies of Pleuroooccus, Ohloroeoccus and Osefllatoria developed. 

. ;Ci3ilt5ires from Desiccated. Soils. . 

- ;:-.A few ..soil.eamples were. pla^^d.m st^^^^ papers (sterilmed with 

OibsOtoe alcoholX.for desiccation ip tbo.plass room ..apfl deft tjjere for 
••abont.12 weeks. .The s.oils then inoculajjpd. ip 'Culture flasks 
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following Bristol (5). The following table indicates the locality from 
where the soil sample was obtained, the . date ^ on which it was placed 
for desiccation, the date on which culture dasks were set up and the 
date on which first growth was obseiwed. 


Locality 

Date of 
desiccation' 

bate of 
■■ inoculation 

■Date of first 
. • growth 
observed 

Old garden 

7-11-1931 

,■18-3-1932 , 

28-3-1932 

Garden 

9-11-im . 

/"do.. 

26-3-1932 

Cultivated field 

15-11-1931 

'■ -'"do. 

26-3-1932 

Uncultivated field 

do." 

do. . ‘ 

3-4-1932 

Canal turf 

do. 

do. 

25-3-1932 

Grassy plot 

15-11-1931 

do. ' 1 

i 

30-3-1932 


Growth has been found to be more plentiful in cultivated field 
soil than in any other type of soil. The number of species, however, 
is not the same as in fresh sample of soil. Gscillatoria, Anabaena, 
Phormidium, Nostoc and Diatoms only appeared in desiccated soils. 

For the culture of diatoms, a modification of Miguel’s medium (see 
Appendix) w^as used but nob with very good reshlts. The diatoms 
growing in this medium are not in any way larger in size than they 
ordinarily occur in the culture flasks and also the number- of species 
does not show any increase in number. 

A systematic list of the algae recorded from 15 soil samples is given 
below. The classification followed is that of West and Fritsch (2). 

GMorophycem 

Isokontae — Oliaetophoraeeae. 

Plourococcus Naegelii (Chodat) from 4 samples. 

Ohlorococcum sp. — from 4 samples. 

Ulotrichales. ~ ■ 

Ulothrix sp. from 2 samples. 

Hormidium sp. from 1 sample. 
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CyanophycecB 

Chroocoecales — Chroococcacesa. 

Aphanot-heca naegelii, Wartm. from 3 samples. 
Encapsis minuta Fritsch. from 4 samples. 
Aphancoapsa virescens (Hans) Eabh. from 2 samples. 
Ghroococciis mmutus (Kutz) Nag, from 2 samples, 

0. macrococcias (Kuetzing), 

C. iimneticus and 

C. multicoloratus. from 3 samples. 

Oseillatoiia tenuis from 2 samples. 

O. brevis and 0, irrigua Kutz from 9 samples. 
Isocystis sp, from 7 samples. 

Phormidium foveolarum (Mont) Gom. from 7 samples, 

P. iniicinatum (Ag) Gam. and 
P. ambiguum. from 2 samples. 

Kostocace(2' 

Nostoe verrucosum Linn. 

N. ellipsosporum, 

N, sphaericutn. 

N. pruniform. 

N. spongiformse from 7 samples, 

Anabaena variabilis. 

Anabaena sp. and 

Anabcena inequalis (Kuetzing) from 7 samples. 
Gylindrospermum majus from 2 samples. 

Scyton.macecB-, 

Scytonema sp. from 3 samples. 

BimilariacecB, 

Calotbris sp, from 3 samples. 

Stig^iemataceoi, 

Hapalosyphon sp. from 2 samples. 

Eischrella sp. from 1 sample. 

Diatoms— B aciUariaceae, 

1. Cyclotella Meneghiniana. 

2. Synedra Ulna. 

3. Navicula sp.; 

4. Nayicula (Pinnnlaria) Gibbs 

5. 
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6. Gyrosigma Bcealproides, Eabh. 

7. Amphora minntiBima. 

8. Cymballa sp. 

9. Ehopalodia gibborula* 

10. Nitzschia Kutzingiana, 

IL Nitzschia Subtilis. 

12* Nitzschia sp. 


Summary. 

Piftsen samplss of Lahora Soils wore collected and. inoculated in 
culture flasks containing special enrichment culture media, favouring 
the growth and development of algn. Four species of green algae, 12 
species of Diatoms and as many as 28 species of blue greon algae have 
been racorded. 

Isolation of pure culture in Agar media was tried but only three 
species grow in the solid media. 

A fow soil samples were placed for desiccation for 12 weeks* Their 
algal growth was also studied, which was similar to that of the fresh 
soil forms. 

Before concluding the writer takes this opportunity to express his 
sense of deep gratitude to Dr. Ghaudhuri of the Punjab University for 
generously permitting him to work under him on Algal-flora of Lahore 
Soil, and for his constant help all along the course of study. The 
writer also feels indebted to Di\ S. L. Ghose of the Government College 
for giving every sort of help whenever needed. 


Lahore, 

1st December^ 19S2. 


Appeodix. 


Media used for the cultivation aiid isolating of algse 
1. Moor. 


NH, No,. 
KHa PO , 
MgSo.^ 

OaC j. 2 
FeSo^ 

Distilled water 


0.5 gram. 
0.2 „ 
0.2 „ 

*1 » 
Trace. 
1,000 cc. 
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2» Bristol., 


NaNos 

... 0.5 grain. 

KHs PO3 

... .5 „ 

MgSo, 

... 0.15 „ 

CaCj 3 

... .05 y, 

NaC, 

... .05 „ 


... .005,, 

Distilled water 

... 1,000 cc. 

3. Detmer. 

Ca(NOs)3 

... 1.0 gram. 

KH3PO* 

... 0.25 

KCi 

... 0.25 „ 

MgSo, 7H30 

... 0.25 „ 

TajD water 

... 1,000 CO. 

4. Pringshiam. 


NH, Mg Po, 

... 1.0 gram. 

K3 So* 

... 0.25 „ 

I’e , (PC*) 3 

... Trace. 

Water 

... 1,000 cc. 

5. Benecko. 

Ca (No 

... 0.5 gram. 

Mg So* 7H20 

... 0.1 „ 

K3 HPO* 

... 0.2 „ 

: . EgC,3. 

... Trace. 

Water 

... 1,000 ce. 

6. Knops. 

Mg So* 

... 0.25 grams.' 

Ca(N03).3 

- 1.0 „ 

KH3PO* 

... 0.25 „ 

KC* 

... 0.12 „ 

Fe Cis 

... Trace. 

Water 

... 1,000 cc. 

Strength =* 

... 0.172 per cent 

7. Klebs. 


CaCNOa)^ 

... 4 parts. 

KHa PO* 

... 1 part. 

Mg SO* 

... 1 part. 

KNO,, 

... 1 partt 
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Made up in strengths from 0.2 to 1 per cent. 

8. Miqual’s medium for diatoms (modified). 

Solution A 10.1 grams KNO^ in 50 cc. of distilled water. 

Solution B 2. grams Na .2 HPO^ in 20 cc. water. 

(1) c.c HO^ concentrated 1 cc. Fec^a. 

(2) grams OaO^a dissolved in 20 cc water. 

40 drops of A and 16 drops of B are added to 1,000 cc. of 
distilled watei. 
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ON THE MORPHOLOGY OF BICOU BOBUSTA, 
KASHYAP. 

BY 

S. K. Panbe, M.Sc.', 

Danionstrator in Botany, University of Luchnow. 

(With 3 platos and 2 figures in tho text). 


Introduction. 

Although tha lifo-history of Biccia is fairly well known from a 
study of several foreign species (1, 2, 3, 7, 10, 11, 13), B. sangmnea is 
the only Indian species of which any detailed account is avaikbb (14). 
Prof. Kashyap (9) has described sovoral now species from this cduntry 
including B. robusta, but his account is mainly of taxonomic value. A 
casual examination of B. vohusta growing here showed some variations 
from the Lahore plant and hence an investigation of this plant was 
undertaken. 

The preliminary results of this study wore communicated to the 
Indian Science Congress 1927 (15). In the following pages the author 
intends to give a somewhat fuller account of the species. 

Occurrence. 

B. robusta grows in moist and shady places during the cold 
weather. The plant is fairly common in the United Proviiicos and 
the Punjab and has also been rccordod from Indore in Central India 

(9). Probably the species grows over the greater part of northern 

India. According to Prof. Kashyap (9) tha plant may grow from 700 
ft. in the Punjab plains to a height of 11,000 ft in Lahul and 13,000 
ft. in Spiti. He observes that tho specimens from Lahul are very 
small, have no tuberculate rhizoids and tho spores are smaller than 
those of tho type. Whether these differences are more than variations 
is not possible to decide in the present state of our knowledge of the 
Lahul plant. 

Material ani Methods. 

, Colloctions of the material were made from Lucknow and some of 
tho neighbouring districts and the plants were fixed either in the field 
or after they had been brought to the laboratory and carefully washed 
to remove the adhering soil particles. Good fixation was obtained 
with medium chrom-acetic acid, Flemming’s stronger solution and 
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acetic alcohol (3 parts absolute alcohol to 1 part glacial acetic acid). 
The material was thoroughly washed in runniog water in the case of 
aqueous 'fixatives; while absolute alcohol was used for the material 
fixed in acetic alcohol Dehydration was begun with about 5 per- 
cent alcohol and the process was very gradual Xylol was used for 
the most part as a clearing agent but in some cases cedar wood oil was 
also employed. Embedding was done in paraffin. Sections were cut 
from 4-10 microns thick and stained in safranin, and safranin and 
'gentian violet. 

Description. 

ThaMm.—B.. robusia generally forms yellowish green s|X)ngy 
rosettes which may be incomplete in the case of the plants growing 
crowded together. Each thallus lobe has usually a broad median 
groove on the dorsal surface [seo also Kashyap (9)]. 

The growth of the thallus takes place by means of an apical cell 
situated in the notch. This cuts off segments as in other species. The 
sexual organs and the assimilatoi*y filaments are derived from the 
dorsal segments of the apical c:il while the scales and rhizoids are 
formed from the ventral segmotits ffig. 3). 

Scales have not previously been noticed in this species (8, 9) ; but 
in his material the author has seen them near the growing points in 
many of the microtome preparations (figs. 1 and 3).^ They are small, 
hyaline and rudimentary and dry up and fall off early. They are 
quite liable to be removed in cleaning the soil pirticl3s f;*om the 
material for embedding in prraffin and hence will be observed only in 
very favourable preparations. It is not unlik :ly that in some cases the 
scales may not be formed at all Both smooth- walled and tuberculate 
rhizoids are present. 

Text*fig. 1 shows a transverse section through the growing point. 
It illustrates the dichotomous mode of branching. In fig. 2 is drawn 
another transverse section through an older part of the thallus. The 
air chambers are comparatively large and open to the exterior through 
indefinite pores. 


^ Mr. Nicholson in a re-.ent nots in “ A.nna^es Bryologtci, Vol V, p. 14'3, 
19B2 ** states that he has carefully examined Rtrcia rohuHa and in general 
appearance* the size of the spore and its sculpture he cannot find anything 
snbstahtial to separate the plant froii Ri^Cf x ct' V *t itlma Goebel (Organography 
of Plants, English translation. Vol II, p. 28, 1905) states ** In Rtecia 
whiciv according to Leitgeb, possesses no scales. I found them as very delicate 
structures, but perhaps there are soue forms of this species where the scales are 
wanting, be_cause an observer like Leitgeb would scarcely have overlooked them 
were they present.*'— 
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rohusia is moncecious. The sex organs are usnally formed in 
acropetal succession. They arise from the young dorsal segments of the 
apical cells. The archegonial initial is almost spherical (fig. 9) while 
the antheridial initial is somewhat elongated (fig. 4). 

Antliericlium , — The antheridia were recorded for the first time by 
the writer in 1927 (15). Previously their presence was regarded 
doubtful as may be seen from the following extract quoted from an 
earlier contribution of Prof. Kashyap (8) : — “ The presence of antheridia 
is doubtful. A large number of plants were dissected but no papiila[e] 
were ever observed and only once structures which looked like 
antheridia were seen. The possibility of parthenogenesis should be 
kept in mind.” In a later publication (9) he says, however, that the 
plant is monoecious and the papillae not distinct.” The develop- 
ment is of the usual type and is illustrated in figs, 4-8. 



Fig, 1. T. S. of thallus through growing point. X 315. 

Archegonium : — (a) Normal structure. The development of the 
archegonium is in general like that of the other species of Biccia. 
Different stages are shown in figs. 9-13. The mature archegonium has 
four neck canal cells (fig. 13). This appears to be the usual number 
in Bicm 80 far as known. 

(h) Abnormal archegonium. Pigs. 16 and 17 are drawn from 
two sections of the venter of a mature archegonium. Both the ventral 
and the neck-canal cells have disorganised. The venter is qecupied 
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by two egg“Iike bodies. On comparing this with a mature unfertilized 
egg (fig. 14) and a fertilized egg (fig. 15} one "is inclined to think that 
this is probably an abnormal archegonium with two eggs. 
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(c) Abnormal archegonial chamhar.—An intorosting feature 
observed is that sometimes two archegonia occur in one chamber 
(Figs. 18-20). Both of these may produce sporogonia. Such a 
condition is rather unusual for Biccia and reminds us of Cormiia 
%vhore archegonia are- produced in sunken g .’oups on the dorsal side 
of the thallus. In B. p dhmkoiMsis according to Prof. Kash yap (9) 
sporogonia are found in groups and sometimes as many as six of these 
occur together touching each other without any intervening green 
tissue. He, however, remarks that the absence of the vegetative tissue 
is due to disorganization of the small amount of tissue present in the 
beginning. From w^hat has been seen in i?. robusta it appears not 
unlikely that in some cases at least, these sporogonia in B. pathanko- 
tansis might arise from a group of archegonia lying in the same 
chamber. A further investigation is desirable to ascertain this point. 

Fertilization. — As the egg matures the ventral and the neck-canal 
cells disorganize and produce a mucilaginous substance. Fig. 21 
shows the male nucleus in contact with the female nucleus. The 
former is about 1/2 the size of the latter. The egg cytoplasm is much 
vacuolated, the nucleus is enlarged and the chromatin is collected in 
the form of short rods. Following the act of fertilization an enlarge- 
ment of the calyptra takes place and often it becomes two-layered 
even before the initiation of division in the oospore (fig. 15), but 
sometimes it remains only one cell thick even at the time of the first 
division (fig. 22). 

Development of sporophyte. — The zygote divides by an oblique 
wall (fig. 22). A review of the literature on Biccia shows that this 
wall may be either oblique or horizontal and sometimes both the 
conditions may be met with even in the same spocies. In the accom- 
panying table are recorded the observations of different authors 
regarding the position of this wall in several species. 

The second wall is more or less at right angles to the first 
resulting in a quadrant (fig. 23). This is followed by a third wall 
which meets the other two at right angles and produces the octant 
stage (fig. 24). In the embryogeny of B. natans both Garber (7) and 
Lewis (11) noticed that sometimes walls parallel to the first are |aid 
in the epibasal and hypobasal cells and produce a filamontous 
embryo of superposed cells. Black (2) also ob^ervad a filanien*! 
tons embryo in some cases in i?. FrostiL Evidently, as Pagan (13) 
remarks, both the filamentous and the octant types occur in the genus 
Biccia, butPhe latter is more frequent. In fact, the author is not 
aware of a single species where the filamentous type of embryo alone 
is formedv whereas in sem^al species only the octant type occurs. The 
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calls of: tilia sparopliyt3' now clhilo without any, raguiar saqusnce and 
givG ris3 to a iiiora or lass spliaricil mass of calls. Tho wall is cut off 
from th.3 oiitoiTiiost calls by padciiuai divisions (fig. 2i).. it remains 
one cAI thick throiighoiit. ' 


Author. 

Sp:ci.s. 

Dircctioirof the fiist 
division wi.iL 

, 

Garber 1904 (7) 

if. natans 

g morally transverse, may 
be oblique. 

Lewis 1906 (11) 

B. natans 

generally transverse,' may 
be oblique. 

Boor 1906 (1) ... 

B. glauca 

usually obliquely trans- 
verse. 

Black 1913 (2) 

B. Froslii 

usually oblique. 

Panda 1924 (14) 

B, smgumea -j 

oblique. 

Campbsll 1929 (3) ... 

i B. glaum j 

moro or less inclined to 
tho axis of tho archego- 
nium, approaching usually 
tho horizontal. 

1 

Pagan 1932 (13) , 

if. crysiallma : 

transverse or inclined to 
tho mt jor axis of the 
archegonium. 


With tho incroaso in tho sizo of tho sporogoniuni an enlargo- 
moat of the calyptra and ventor tak3S place. After the last division 
th3 arohosporial colls b3gm to round off (fig. 26). A little later 
disorginization of tho wails soparating tho spore mother cells com- 
mences 'and by the time of the h3terotypic mitosis tho latter lie 
free in the sporogoiiiui’ cavity. Garbor (7J and L3wis (11) have both 
observed a large amount of nutritive material around tho spom mother 
cells ‘of S. nciitms.' This food material- is derived from the surrounding 
tissue. Beer (1), did not find any such material in iJ. glauca^ Black 
(2 J noticed a miiOilaginous substance which has groat affinity for stains, 
like gentian violet and Bismarck brown in Quite recently 
Pag$^h"(l 3) tvho ’ described food 'material* Uround the jsporo mother 'cells 
of J5. that ' the ‘ fobd' thaterial might ’ have cpmO“ 

from'fdtir different miVc'Osl viz., '“'storage ’products ‘of 'photosynthesis 
mthin the cells of the gametophyte, "disorganization" of the’ celts of tho ' 
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sporangium wall and calyptra, decomposition products of the cell walls 
between the spore mother ceils, and disintegration of some of the spore- 
mother cells themselves.” 

In B. robusta a mucilaginous substance which stains with gentian 
violet has also been observed. It appears to be derived in the first 
place from the decomposition of the original walls of the spore mother 
ceils. Later on the decomposition products of the sporogonial wall and 
the caiyi)tra are also added on to this material. 

The wall of the sporogonium (amphithecium) may break down 
early or late. Thus according to Black (2) in B. FrostU it gets partly 
disintegrated by the time the spore mother ceils are formed ; while 
Garber (7), confirmed by Lewis (11), remarks that in the case of 
E. natans the wall could be distinguished even when the spores were 
almost ripe. In i?. crystalUna Pagan (13) noticed that the wall breaks 
down early in some cases while in other cases it remains intact till 
the time of the reduction division. He regards this as a question of 
food supply and correlates the late disappearance of the wall with the 
failure of some of the potentially sporogenous tissue to produce spores. 

The first signs of the disintegration of the sporogonial w^all in 
jS. robusta are seen at the time of the heterotypic division and the 
process is completed by the time the spores have reached the stage 
shown in fig. 41. It is interesting to note that though all the arche- 
sporial cells in B» robusta produce spores and there are no nourishing 
cells, the wall breaks down quite late. The absorption of the inner 
layei* of calyptra starts a little later than that of the wall and the 
process is completed in a longer time. The outer layer of the calyptra 
contains abundant starch (fig. 27) and breaks down much later. 

Sporogsnesis* — Farmer’s paper of 1893 (4) was the earliest cytologi- 
cal contribution on sporogenesis in the Hepaticae. This was followed 
by another paper dealing with Pallavicmia decipiens (5). In 1895 (6) 
he published a more comprehensive account describing the process in 
several liverworts. His researches stimulated the study of the subject 
and since then several papers have appeared dealing with this important 
phase of the life-history in many liverworts. 

In the course of this paper reference will be made to some of 
these. 

Garber (7) working on B. natans observed prominent asters in 
the sporophyta cells but no centrosomes were seen. 

Lewis (11) records no nuoleoius in the spore mother cells of 
jS. natans and B. crystalUna* He records the synaptic stage at which 
the chromatin is collected eccentrically in an UTegular mass. Neither 
a ceiitrosphere nor a centrosome was seen. 
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Beer (1) studied sporogenesis in EL glama and observed a definite 
and large nucleolus. Sometimes .tlie latter was composed of several 
deeply staining granules embedded in a faintly staining matrix, 

Black (2) has recorded scanty chromatin and small spindles in 
E. Frostii. A definite nucleolus was observed but no.centrosphere or 
centrosome was seen. In the heterotypic division a granular and. 
distinct but incomplete cell plate is formecL The homotypic division is 
simultaneous and the two spindles may bo in the same plane or at 
right angles to each other. 

The spore mother c,0lls of B. robuski.iwe not very favorable .for the 
study of sporogenesis. .A resting spore .mother cell is shown in fig* 
28. The nucleus is large and the membrane is distended* It contains 
a prominent nucleolus which in some cases is broken up into two or 
three coarse and prominent granules (fig. 29). Someti.mes the nu- 
cleolus is composed of several granules embedded in a matrix (fig. 30) 
recalling the condition described by Beer (1) in J?. glaum* 

Gradually the protoplast rounds itself off and becomes separated 
from the primary wall, leaving a clear space between itself and the 
membrane. In some cases this space is occupied by a number of 
strands of granular material (fig. 81). A somewhat similar condition 
is described by Beer (1) in B* glauca, but he obtained cellulose and 
pectose reactions with these strands. He thinks these strands to have 
been derived iTom the secondary thickening layer laid down around 
the protoplasts. Leitgeb, as quoted by Beer (1), believed that the space 
between the protoplasts and the primary membrane w'as occupied by 
a homogeneous mucilage and there were strands of material running 
between the primary wall and the protoplasts. He believed these 
strands to represent food material diffusing in from the outside. The 
strands in B* rohiista are composed of a granular material without any 
obvious difference from the contents of the spore mother cells and this 
leaves little doubt regarding their identity with food material. 

At the 'time of the heterotypic mitosis the mother cells lie free in 
the sporogonial cavity, the nucleus is . somewhat elongated and the 
cytoplasm is granular. As the clivisio,n stage draws near the nucleus 
frequently pressnts the app.3aranc3 drawn in fig. 32. This undoufcedly 
represents synizesis. Several stages in both the heterotypic and 
homotypic mitosis have been obtained, but the number of chromo- 
somes could not be counted. In fig. 33 the chromosomes are seen at 
the equator. A later -stage is shown in fig. 34. The spindle fibres ' are 
quite distinct. Some of them extend from pole to pole, w^hile others 
end at the equator or diverge in the protoplasm. The telophase -stage 
is drawn in fig. 35. The cell plate has been Ia.id down, ■ ■ 
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- Til 31*3 s33ias to bo a vory short poriod of xntarkineBis. The homo’' 
ty pic division is simaEaiDoas and thi spindlis may beparallal (fig, ,3.6) 
or at right angbs to each other (fig. 37). Fig. 37 shows tho late 

feolophasa in tha horn oty pic division. Tho coll plato , from ' tho first 

mEosis has booo ni mom poonoancoil and tin initial shigo is soon in tlio 
formation of the Ojhor c.Ai plato. . By furtiiDr growth of tho coll plates 
which is ooutrifugal tho division of tho protoplast into fonr is brought 
about (fig. 38). All tho spora mothor coils give riso to spores. Quite 
recently Pagan 13) has ■ obs3rv3:l abortive (nutritiva) 'c3lls in 
i?. onjstaUina which arise from a diversion of the sporogonous tissue. 
These cells may becomo abortive before they round ofi or before the 
reduction division and in some cases whan the division of the spore 
mother cells has taken place. He regards these sterile cells as the 
fore-runners of the elaters of the higher forms. 

Tho development of the spore coats agrees with the account given 
by Black (2) for B, FmtiL IiisiJe the primary wall of the spore 
mother cell another layer of muoilaginous nature is formed (fig. 39). 
Within this, a second layer which p-ojeots into the first at numerous 
places is developed (fig. 40). This second layer ultimately -becomes 
the rough outer; spore coat (figs. 41 and 42v. Finally tho enclosporo is 
formed. The exospore is yellow in young condition, becoming orange 
as the spores grow older and. ultimately black. Tho surface sculptur- 
ing of the spore is shoy7n in fig.* 43. As has already been noted by 
Kashyap there are; 6 or 7 reticulations across a diameter in the spores 
of the Lucknow plant, and the wing is either narrow or almost 
absent. The spores in the Lahoro plant have only 4 or 5 reticulations 
and the wing is generally broad (9). The size of the sporos is the 
same in the two cases. 

B. shows^a striking resemblance to B cryskdlina may 

be inferred. pn_comparisoa with the figs, and descriptiion given by 
Macvicar Nicholson (12a) observes that he has examined the 
species, very carefully but found no substantial difference in the 
general appearance and the size and sculpture of the spores to separate 
it from B. crystalUna. Pagan (13) has, howovor, described sterile 
(nutritive) calls in the latter species, but no such cells 'wore seen by 
me in the case of B. robusta. 

.The writer wishes to exprese^M^ to Prof. B. Sahni, 

for Msnnfailing. and kindly criticism throughout the progress 

of jthis jinvestigato His^ thanks are also due _ to Professor S. 

gag^ap. for some suggestions. _ ^ ^ _ ^ ^ 
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Summary. 

L On tho wliola tho obs3i‘vations of Prof. Kasbyap regarding the 
vog^tativo cliaractovs of the plant have boon confirmed except with 
regard to the scales which have been described in Bkcia robusta for 
the first time by the present author. 

2. The species is moncecious. Definite anthoiidia wore recorded 
for the first time by the writer in 1927. The development of these is 
of the usual type. 

3. The mature archogonium has four neck canal cells. 

4. Abnormal archegonia with two egg-lika bodies have been 
described. 

5. Normally the archegonia occur singly in their own cavities, 
but occasionally two were noticed inside a common chamber# 

6. The first division wall in the oospore is oblique. 

7. An octant stage was always seen. 

8. The spore mother cell has a definite nucleolus. 

9. The two spindles in the homotypic mitosis may lie parallel or 
at right angles to each other. 

10. No cantrosomo or centrosphere was seen. 

11. The outer spore coat has the sculpturing in the form of 
reticulations. 

12. The spores in the Lucknow form have a narrow wing or none 
and the number of reticulations is 6 or 7. 
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Explanation of Plates I-IIL 

Plate I. 

Pig. 3. L. S. Through growing point of thallus aj}. c., apical cell ; sc- 
scales, X 343. 

Fig. 4. Antheridial initial, x 525. 

Pigs. 5-7. Stages illustrating the development of antheridium. X 515. 
Pig. 8. Mature antheridium, somewhat diagrammatic, x 343. 

Pig. 9. Archegonial initial, x 515. 

Pigs. 10-13. Different stages in the development of archegonium, i'e., 
ventral canal cell ; nc., neck canal cell; e., egg. x 515. 
Pig. 14. L. S. of mature unfertilized archegonium. x 343. 

Pig. 15. L. S. of fertilized archegonium, x 343. 

Pigs. 16-17. Two successive sections of an abnormal archegonium. 
egg. X 343. 

Plate IL 

Pigs. 18-20. Serial sections through an archegonial chamber con- 
taining two arohegonia. X 343. 

Pig. 21* Pusion of the male nucleus %vitli the egg nucleus, x 515. 

Pig. 22. Oospom dividing, x 515. 
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Fig. 23. Four colled embryo, x 343. 

Fig. 24. Embryo at tho octant stage, x 343. 

Fig. 25. Young sporopliyte showing the wall formation. wall. 
calyij,, calyptra, X 343. 

Fig. 26. Older sporophyte. x 152. 

Fig. 27. A porbion of the calypt-ra and the sporogonial wall from a 
sporophyte at the time o! the first dmsion of the spore 
mother cells. Note abundant starch in outer layer of 
calyptra. x 343. 

Plate III. 

Figs. 28-29. Spore mother cells at the resting stage, x 430. 

Fig. 30. Nucleus of a spore mother cell showing compound nature of 
nucleolus, x 730. 

Fig. 31. Spore mother ceil. Note the strands connecting the proto- 
plast with the primary wall, x 570. 

Fig, 32. Spore mother cell showing synizesis. x 730. 

Fig. 33. Pleterotypic mitosis with the chomosomes at the equator. 
X oSO. 

Fig. 34. Later stage in heterotypic mitosis. X 580. 

Fig. 35. Telophase in heterotypic mitosis, x 580. 

Fig. 36. Homotypie mitosis. The two spindles are parallel to each 
other. X 734. 

Fig. 37. Homotypie mitosis. The two spindles are at right angles to 
each other, x 580. 

Fig. 33. Late telophase in homotypie mitosis showing organization of 
nuclei and extension of plasma membranes, x 734* 

Fig. 39. Young spore tetrad, x 405. 

Fig. 40. Older spore tetrad showing the formation of second spore 
membrane, x 343. 

Fig. 41. Older spore tetrad, x 343. 

Fig. 42. Spore tetrad mature, x 343. 

Fig. 43. Spore in surface view showing the sculpturing. X 330. 



"OM' THE STROtn’UftE OF A NEW SPECIES OF ' 
IN D AN MOUSES mtSGOMITBELLOPSIS lNDICA,. ^ 
Dixon, sp. nov. FROM BENARES. 

BY 

K. M. Gupta, M.Sc. (Lucknow), 

Research FeUoio, Botany Daj^artment, University of LuchzouK 

Introduction. 

Professor B. Sahni kindty placed at the author ^s disposal 
some material of a moss fixed in chrom-aeetic acid and preserved 
in 90% alcohol. It consisted of vegetative and fertile shoots to- 
gether with sporogonia at various stages of development except 
the ripe ones. A few specimens sent for determination to 
Mr. H. N. Dixon were identified as a new species of Physcomitrel- 
lopsis Broth, and Wager, a South African genus first described by 
Dixon in 1922 The only species so far known is P. africana 
Broth, and Wager. The plant now^ described represents the first 
record of this genus in India and although essentially similar 
to the African moss, it is suflSciently distinct to be regarded as a 
new species. 

Description. 

Diagnosis: — ‘‘Dense gregaria; mollis. Cau*'es 3~4 mm. alti 
parce ramosi; Folia superiora circa 3 mm. longa, e basi elongata, 
aiiigustaj lanceolata vel spathulato-lanceolata, longe acuminata, 
parte dimidia superiore argute, , sat distanter denticulata. Costa 
tenuis, supercurrens, ariolatio laxa, cellulae superiores 100-200 ja 
longae, 30-40/* latae, parietibus tenuibus; marginales seape 
angustiores, inferiores majores, praelongae.’^ 

'‘Theca pedunculo circa *60 mm. longo, sphaerica vol oblate 
sphaeroidea, brivissime obtuse apiculata, leptodermica, maturitate, 
irregnlariter dehisceus. Exothecii cellulae laxae, hexagonae, 
homogeiieae nisi propter lineam horizontalem e parietibus incrassa- 


1. Dixon { 19512), p. 1*Y. 

2 I have failed to find any record of this genus in India in the liter- 
ature published after 1022 which I| lave corsultcd. See biblicgia jly 
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tis instriietam, orificiiim simiilantem. Calyptra magnaj mitiifor- 
BiiSj basi prof wide laakiafc. Sped' 30-40 teneriter muricii* 
iata/V' ' ■ 

„ Besides tlie.. eliaracters mentioned in the above diagnosis ^kindly 
supplied by Mr. Dixon for the Indian species, I may add that 
a few stomata are also found on the apophysis of the Gapsule. 

EalU: — Dense, gregarious, soft and tufted with deep green 
colour, 3~5 inm. high, usually unbranched, sometimes sparingly 
branched (Pig. 1). 

Eahitat : — Damp ground under a bridge, Benares (Professor 
B. Sahni. October 1919). Recently, however, the same species 
lias been found to be common in Lucknow. Further examination 
of the mosses might prove it to be a common species occurring in 
the plains of northern India. 

Stem and rhizokls: — The stem is small and soft, becoming 
slightly brownish at the base. The internal structure is rather 
simple, with no differentiation into hadrome and leptome, but the 
thin-walled cells of which it is composed are smaller in the middle 
and bigger towards the periphery (Fig. 4). At the base of the 
stem are attached numerous multicellular rhizoids with oblique 
end-w^alls. 

Leaf : — The leaves are spirally and densely disposed. They 
are distantly serrate (Pig. 2) with slight variation in the length 
of the perichaetiai and the lower leaves. They are about 3 mm. 
long, narrowly lanceolate to spathulate-lanceolate with the midrib 
extending up to the tip in some cases. Upper cells are 100-200 m 
long and 30-40 ^ broad. The mai'ginal cells are narrower and the 
serrations on the leaf are caused by the individual cells (Pig. 3). 
The leaf is a single layer of cells thick and is about 20-30 cells 
broad. The midrib is about 10 cells in thickness ; of these two or 
three central cells (as seen in the cross-section) (Pig. 8) are special- 
ly narrow and thick-walled, simulating a rudimentary conducting 
strand. These thick-walled cells do not pass downwards into the 
stem. 

Eex organs : — The disposition of the sex organs is always at: 
the stem apex 'which is completely sxirrounded by the perichaetiai 
leaves. The Indian species is distinctly monmcioiis and syiice- 
cdoiis, that is, it bears antheridia and archegonia on one and the 
same head. Intermixed with the sex organs are found two kinds 
of paraphyses (Pig. 29). Pig. 8 shows the antheridial group 
segregated from the archegonial group on the fertile top, though 
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as a rule the two sexes are mixed together. As several antheridia 
and arehegonia are borne on the same head, it is unlikely that 
all the sex organs in the head arise from a single apical cell. 

{a) Antheridnm: — The anthei’idinm is a small, sessile, more 
or less ellipsoid body with the base slightly narrowed. The wall 
is one layer thick wdth a few iinnsuany large cells at the top and 
at the base (Figs. 11, 22-24). The central bigger cell of the top 
region seems to disorganise when the antheridiiim ripens and the 
spermatozoids escape (Figs. 22-24) ; while the lower cells remain 
embedded in the stem apex. The spermatozoids are small coiled 
structures thickened at one end (Fig. 22). The cilia could not be 
made out. 

(5) Arcliegonkim: — The details in the development of the 
archegonium have not been followed but from what has been ob- 
served, it seems to have the usual stnietnre (Figs. 9, 10). The 
pedicel is massive and remains embedded in the stem apex. The 
number of neck canal cells is usually four (Fig. 10). The size of 
the ventral canal nucleus is practically the same as that of the 
egg nucleus. No cell wall has been observed between these tw^o 
nuclei, a fact which may indicate that this wall dissolves soon 
after the division of the egg nucleus. 

(c) Paraphifses: — These are of two kinds, both kinds are 
four to five cells in length, the topmost cell becoming club-shaped 
in the one and capitate in the other. The terminal cell in the 
former has a prominent nucleus and dense contents, while in the 
latter it has dark green ehloroplasts besides, all arranged along 
the periphery (Figs. 12, 13), 

Protonema: — ^No protonema could be detected in the preserv- 
ed material from Benares; but the examination of the fresh sample 
from Lucknow revealed that it has the structure of a branched 
filament. It usually arises from the rhizoids under suitable condi- 
tions. ; , ^ ' 

SporopJiyte. (a) Foot and seta : — The' foot is about 0-6 mm. long 
and is deeply immersed in the stem apex which closely envelops it 
(figs. 21, 31). The seta is guite short. 

(1) Apophysis:— The apophysis of the capsule is eompara- 
tiyely small and bears a row of stomata with their slits placed 
transversely or longitudinally (Fig. 7). The stoma is somewhat 
sunken below the general surface of the capsule and is surround- 
ed by one big annular guard cell (Fig. 6) as in F.timrm. 
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' (e). Capsule: — Tlie . ripe eapsulCj either quite splierical or 
slightly ' flattened vertically,' is about I'O- mm. long and 0^7 mm 
broad. .It, has a small rounded apieulum (Pigs. 295 31). The, 
eapsiile^-at about 2/'3 of its height? is divided into t*wo well defined 
portions. by a horizontal row., of cells. . The^eells of iMs..row.,.are 
comparatively smaller and denser in contents than the adjacent 
cells on the wall of the capsule and have their lower cell wall 
thickened (Pig, 5). So far as observed the capsule breaks along 
this line of dehiscence; and the upper part of the capsule, with 
I'egulaid}^ arranged cells, Ls pushed aside like an operciiliim, 
though there is no distinct annulus (Pig. 31). The lower part of 
the spoFogoiiiuin with thin-walled outer cells encloses the spore sac. 

There is a definite columella which is gi'acliially absorbed as 
the capsule ripens (Fig. 17). A well defined annular air space 
surrounds the archesporium (Pigs. 14-16)., The big and deeply 
lobed mitriform ealyptra? best seen covering the younger sporo- 
goniiim completely, splits at the base in many places and gradually 
shrivels away with the maturity of the capsule (Pigs- 25-28). The 
spores are 30-40/^4 in diameter and have a large number of minute 
projections over them (Pig. 30). 

The sporophyte develops by means of two apical cells, upper 
and lower (Pig. 18). The capsule during development gradually 
assumes a spherical shape, the shape of the young capsule being 
elliptic. 

Theoretical- 

Brotherus and Wager founded the genus Physcomitrellopsis 
on material which was essentially similar to Physcomitrella except 
in the shape of the calyptra and the extent to wiich it covers the 
young sporogonium. It is to be doubted whether we are justi* 
fied in separating genera on such single characters as the one 
mentioned above; because a detailed comparative study of the 
development of the vegetative and the reproductive organs might 
prove them to be generieally identical. 

The figures given by Mr. Dixon in his brief description of the 
African species of Physcomitrellopsis are too few and incomplete, 
but as far as ascertained, the Indian species seems to be quite dis- 
tinct in having an oblate spherical capsule wnth a distinct line of 
dehiscence? in contrast to the elliptic shape of the capsule with no 
indication of a line of dehiscence in the African form. The oeeur- 
renee of twm closely allied species of the same genus in such widely 
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separated lancis (India and Africa) is a fact of some interest. 
Tlie distingiiisiiing features of tie two species are as follows 


Fhyscomitrellopsis indica, Dixon 

P. africana, Broth, and Wag. 

1. Capsule oblate spherical in adult 
condition, with a distinct line of 
dehiscence. 

1 1. Capsule elliptical, with no such 

I indication of a line of dehiscence. 

2. Seta short and the foot deeply 
embedded in the gametophyte 
which closely envelops it. 

; 2. Seta long and the foot not deeply 
' embedded in the gametophyte. 


Ackoowledoments. 

, I am greatly indebted to Prof. B. Salmi for Ms constant 
guidance and iinf ailing interest in my work; my thanks are also 
clue to Mm for the helpful and, able criticism of the manuscript. 
For ,the correct . identification of the material I. am grateful to. 
Mr. H. N, i)ison who also supplied the Latin diagnosis of the 
Indian species. My thanks are also due to my friend Pt. Jagdish 
Narayan of Beawar for help in drawing Fig. 29. 

Summary. \ 

A new species of mos^B^,~ Physcomitrello 2 )sis inclica, Dixon, is 
described in the present paper. This is the first record of the genus in 
India. It is a fairly big and gregarious moss with serrate leaves. It 
differs from the only other species P. africana', Broth, and Wager^ 
chiefly in having an oblate spherical capsule with a distinct line of 
dehiscence which is entirely absent in the elliptic capsule of the African 
form. 

: The genus Fhyscomitfellopsis is distinguished from Physcomit- 
fella by the fact that the calyptra is deeply iobecl and covers the whole 
capsule in the young condition. 
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Explanation of the Plates. 

Plate I. 

Fig. 1. A single plant. Nat. size. 

Fig. 2. Upper part of leaf. x70. 

Fig. th Margin of leaf to show the serration caused by individual 
colls. X 270. 

F.ig. 4 T. S. of stem "with a branch and crowded leaves, x 70. 

Fig. 5. Line of ddiisoDuee on capsule with lower cell walls thicken- 
ed. X 420. 

Pig. 6 . Single stoma with annular guard cell. x420. 

Fig. 7. Aiioidiysis with a few stomata, x 270. 

Plate IL 

Fig. S. T. S. fertile head. x270. 

Fig. 9. Basal part of mature archegoniuni. Ahntral canal nucleus 
not seen, x 420. 

Fig. 10. Young archegonium. x420. 

Pig. 11 . Entire anthericlium. x 420. 

Pig. 12. Glub'shaped paraphysis. x 420. 

Fig. 13. Capitate paraphysis. x420. 

Plate III. 

Pigs. 14-17. L. S. sporogonia at various stages of development, x 70. 
Pig, 18. Embryo with upper and lower apical calls ; middle portion 
left blank, x 420. 
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Fig. 19. Archesporiunx. magnified. .x420. 

Fig. 20, Wall of the capsule, showing the ' point of dehiscence* 

■ Enlarged from the section shown in fig. 15. x420. 

Kg. Sl.'Sasal part of the foot • embedded in the gametophyte, show- 
ing tip ceils with dense contents, x 270. 

Figs. 22-24. Serial sections of an antheridinm. x420. 

Plate IY. 

Figs. 25-28. Outlines of the sporophyte at various stages of develop- 
ment. X 90. 

Plate Y. 

Fig. 29. Composite figure to show the general disposition of the sex 
organs and the sporophyte. Somewhat diagrammatic. 

Fig, 30. Spores. Murications, are diagrammatically drawn. ,x 350. 

Kg. 31. A dehisced capsule showing the regular arrangement of the 
wall cells, especially in the operculum, x ca. 80. 
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NOTES ON STAINING WITH IRON-ALUM HAEMA^ 

TOXYLIN 

BY 

Pa:n"chanan Maheshwabi, D*Sc/ 


III a rec3nti papar TUAN^ has given ns a new method of 
Haemateylin staining, much superior to the older methods. We ha%'e 
given this a trial for more than a year on various kinds of plant 
material from Alga to Angiosperms and never failed to get good 
results. The essential point in the method is that a saturated solution 
of picric acid in water is used for the destaining process in place of 
Iron-Alum. The technique is so simple that any one can get good 
results after a little practice. A short schedule of the method, as we 
have been following it, is given hero : — 

1. After thi sections have bien brought down to water, mordant 
them by keeping the slides in a 2 per cent solution of Iron-Alum for 
about 15-30 minutes. In the months of May and June when the 
temperature rises considerably in North India, even 8-10 minutes are 
sufficient for most material. A longer immersion in the mordanting 
fluid is neither necessary nor desirable, as this leaves a disagreeable 
brownish colouration on the slide. But, for Algn which are to be 
stained whole, about an hour will not be too much. 

As is well known, only good Iron-Alum crystals of pure violet 
colour should be used for the solution, otherwise it leaves a precipitate 
on the slide which is impossible to wash off. There is, however, a lot 
of difficulty in keeping this reagent in tropical climates. In the hot 
months of summer, the crystals become brownish and melt in their 
own water of crystallisation. The only remedy is either to keep the 
bottle in a refrigerator, or prepare a sufficient quantity of the solution 
beforehand. This should, however, be filtered before use. Even tho' 
solution deteriorates in about 2 months from the time of making. 

2. Wash the slides in running water for about 15 minutes. 

:3. Stain in §%■ Haematoxylin. Most authors use a* previously 
prepared solution which has been allowed to ripen for at least 3 weeks. 
This does not seam to be necessary with some Haamatosylins at least. 
We have used Goleman and Bell’s Haematoxylin without any ripening 
whatever and. obtained excellent results. 


^ TUAN, HSU-CHUAN. Picric acid .as a destainiog agent for 
Haociatoxyhu. Sta.iu 'Technology t 5: I8a-138» 19S0* 
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Perhaps the best plan is to weigh the Haematosylin and dissolve 
it in the requisite quantity of hot tap- water.- The solution gives a 
rich red colour. ' If it is allowed to stay for a day or two in an un- 
corked bottle, the colour darkens. lEhis should now be filtered and it 
is ready for use. 

Some investigators dissolve a large quantity of the stain in alcohol 
and from this stock solution they make small quantities as required 
from time to time. This is not necessary, as the crystals dissolve in 
less than -an hour in hot water and the stain can be used soon after. 

No ' exact 'time limit can be given regarding the immersion of 
slides in the Haematoxylin solution. For most things half an hour is 
enough. - Sections of LimnoxAyton obtusifoUum' flowers stained 
sufficiently in Tess than 5 minutes. A^o& seems to take a longer 
time, about an hour or so. For Algm to be stained in bulk, about 
2-4 hours’ immersion -is necessary. - 

4. Wash in 'water for about 5 minutes. 

5. Desljain in a saturated solution of picric acid. It is . not 
necessary to weigh ; put enough picric acid in a bottle and fill if with 
water. Shake’ it vigorously for some time and then allow’’ ’ the 
umdissolved acid to settle at the bottom. The solution can be decanted 
from time to tirne. 

It will be necessary to take out a slide from time to time from the 
staining dish, rinse it in water and examine it under the microscope. 
If khe destaining has been satisfactory, the chromosomes should remain 
black and the cytoplasm should not have more than a bluish tinge. If 
one is staining large quantities of the same material, he 'will soon get 
an ai^proximate idea of the time required for destaining. 

6. Wash the slides in running w^ater for about 30 minutes to get 
rid of the’picric acid. Dehydrate and mount as usual. 

The ad.vantag8S of this method are : 

1. The whole process can be completed in about 2 hours for one 
batch of slides. 

2. , The slides show, no brownish colouration, seen very often if 
the sections are destained in Iron- Alum. 

, . 3. .Being milder in its destaining properties, picric acid, has a more 
precise action which can also be easily controlled. 

Acjea, India, 
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Introduction. 

Thera appaaTs to have' bean some ' difficulty in doierniihihg the 
systematic position of -the order to which the plants 'beioirg. ■ 

■ '"The family is variously classed by different authorities:' — ' ' 

' In 1852 M. Diinal (5) divided the family Solanace® into* two 
tribes : the Nolanace© and the Solanaceao. In 1857 John Miers (11) 
criticised the above division of M Dunal and regretted that he should 
have associated the Nolaiiaceee with the SolanaoaiB, from which they,, 
differ essentially in the structure of -the pistil and the fruit. On 
page 44 of the same work he summarised the views of the previous 
authors and of hims'elf thus : — " Sehlechfeenclal in 1832 (Linnsea TIL 
12) pointed out the aiialogy that exists in the Genus Nolana to the 
families of the Boraginacaaa 'and Solaiiacam, admitting its 'greater 
affinity with the former, ” Lindiey, who 

first proposed this- 'order in rl888, pkcscl it near the Gonvoiyula'ce'te. 
GvBoii- (“1887} Avasr'l 'felieve,' the - first who clacidedly "aBsocktedth'Q'* 
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Nolanace© as a tribe of the Solanacese (Diet N. 399j, but he offered 
no reasons for this union. Endlicher in his ‘ Genera Planterum ’ 
followed the views of Dr. Lindley, in attaching this group as a suborder 
of • the Oonvolvulaceae. Brongniart (1843) adopted the same views in 
regard to the affinity of the Nolanaooae. A, de Jussieu (1844, Cours 
Eldmentaire) equally confirmed the ideas of the before mentioned 
botanists, in placing the Nolanacese in contiguity with the Dichond- 
reae, between the Boraginaceas and Convolvulace^. In 1845 I 
adduced many facts and several additional reasons, -why the Nolaiia- 
ce^ should be placed in the system following the Boraginacese (Lo. 
Jo. Bot. IV. 366 et huj. op i, 46), which position w^as confirmed in the 
following year under the arrangement given by Prof. Lindley (Veg. 
Kingd. 654), where this order is placed in his Echial alliance with the 
Boraginaceae, Labiateae and others.” 

In 1876 Bentham and Hooker (1) placed the group Nolanaceae as 
a separate tribe under Order OXIII Oonvolvulaoen of the Cohort Pole- 
moniales, and the series Bicarpellatse. Engler and Prantl (7) in 1895 
described Nolaiiaceae as a separata group and placed it just before the 
Solanace^. The family included three genera, viz: — (1) Nolaiia L, 
(2) Alona Lindl, and (3) Delia Lindl. The genus Nolaiia L was 
again sub-divided ^in to two sections, viz 

(1) Eunolana Miers.*,... e.g. Nokma Prostrata ; 

(2) Sorema Lindl e.g. Nolana AtripUcifolia* 

The systematic position is further described as follows 

Verwandtschaft. Die Familie der N nimmt systematisch eine 
Sehr interessante Zwischenstellung zwischen den ConvolvulaceaB, 
Boraginaceae und SolanacejB ein. Mit den Convolvulacese, mit denen 
sie von Bentham u Hooker vereinigt wurde, verbindet sie eine Ahnlich- 
keit im Bane de Blkr. und der 3-5 blattrige Frkii, welcher eine 
Anlehnung an den Maiicher Gonvolviilacese zeigt. Die Ahnlichkeit 
mit den Boraginacess beruht in der eigenttim lichen Fruchtbildung , 
Am- grossten ist zweifellos die Verwandschaft mit den Solaiiacese, 
denen die Familie atich von Dunal und neuerdings von Baillon zuge- 
zogen wurde. Die tibereinstimmung liegt in der Enospenlage der 
Blkr, in der verzweigung des Stengels, in der Blattstellung und in 
Bane des. S. Der Vollkommen abweichende Fruchtbau lasst aber eine 
vereinigiing der. beiden Familien Unmdglich zii. Den x4nschluss 
varmitteln die. N; Gattiingen Alona . und Delia und die Solanace^— 
Gattungen Pbrodus und Grabowskia.” 

In 1895 Warming (W) placed Nolanace® as Order 2 under 
family 30...PersGnat<B of Section 2-Tetraeyclice®. He further 
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obs9r?cd t'iiat “Thcss (Nolanacase) most- res3,mble Convolvuiaoea iB 
the corolla, but the Solanaces in their branching and leaf-anange- 
meiit (ill pairs, etc.) In 1911,- Wettstem (20) classified Nolanaceae 
as the 4th family of the 6lh Series-Tubifioreae of tlio second Subclass- 
Sympetalese. In 1925 Eondie (12) placed HolanaceiB as a separate 
family VI, under the order 4— Tubifiorse. He says, “ Bciitham 
and Hooker included it- in Convolvulaceae, an affinity with which 
is suggested by iho form and^ aestivation of the corolla, and the 
pentiinioroiis ovary. The separation of the fruit into iiiericarps recalls 
iioraginacean It is, however, probably most nearly allied to Solana- 
eea‘, with vhich it was united by Dunal , and Hail ion, but from 
wliicli it i.- disiiiigiiislied by the structure of the fruit.'’ But in 
1926 Hutchinson (8) in his proposed phylogenetic system in. 
eluded this group in the family 251— Convolvuiacea^, under the 
order 74, — Solanales. 

From the above summary it will bo seen that the systematic 
position of the Xoianaceaa as given by different authorities has possi- 
bilities of affinities with the following three groups, viz : — (1) Solanacese ; 
(2) Boraginacea and (3) Convolvulaceic. 

The cytological and embryological investigations of Nolami Airip& 
cifoUa and Nolam Prostnita, belonging to the family Nolanaceae, have 
133311 undertaken with a view' to elucidation of the systematic position, 
of. the family. Some reciprocal hybrids of these two species have also 
been worked out before their fertilisation to find out whether or not 
there is any abnormality in their chromosomes. 


Materials and Methods. 

The difl'erent stages ■ of developing fruits of Nokma Airlplicifylia 
and Nchua Prostrata were fixed in the months of August and September, 
during the iioweriiig season, in the Cambridge Botanic Garden and 'the 
Kew Gardens, 

After comparative tests of. some fixatives- the best result has been 
obtained by dipping into Carnoy’s fluid for about 3 to 5 ■ minutes and 
then in the Chrom- Acetic-Formalin sclutioii of .full strength . (10)’ 
with or .without an addition of a little solid maltose. Boot . tips, for 
ehro.mosome study have been fixed in' Chrom-Acetic-F-ormalin solutio.n-,' 
oi full strength.'' 

Sections parallel to the flat surface of ovules taken out from the-' 
carpels were .cut 8 .microns in thickness. Eoot-tips were -cut 6, mici^ons' 
in thickness, , . 
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For staining, the following combinations have boon triad :— 

(1) Iron Haematoxylin and Light Grean. 

■ (2) Safranin and Light Green, 

(3) Safranin and Delafi Ad's H'^matoxylin. 

(4) Gentian Violet and Light Green* 

(5) Cyanin and Erythrosin, 

Iron Haematoxylin and Light Green combination gave the best 
result. Gentian Violet stained the chromosomes wall in the back- 
ground of green stained cytoplasm with Light Green. 

Living embryos of Oonvolvtdus Tricohr and entire embryos from 
fixed material of Nolaiia were dissected out as a whole under a 
binocular dissecting Microscope. For permanent preparations a few 
of these dissected embryos, specially the. advanced stages, were 
stained with Eosiii in 95 per cent alcohol and after dehydration were 
permanently mounted in Canada Balsam. But most of these living 
embryos dissected out as a whole, were placed first in dilute glycerins 
for 15 to 20 minutes and then moarLted permanently in 'glycerins 
jelly coloured with Erythrosin. Some embryos' of rhi's 'species'’ were 
fixed like those of the Nolana species "and sections were cut 8 '^microns 
in thickness. - 

The illustrations of embryos oi [Nolana AtripUcifoUa m 
Prostrata are drawn ■ under* Homog. Imm.’ objective apert.' 1.30, 
eye-piec'8" IV. Magnification is 960 times. Chromosomes are" drawn 

under the same objective mth eye-piece 18 at a ma'gnificatibn of 2600.‘ 

Some embryos of ConvolmllusTrtcjlor doVQdvBswn. under ordinary high 
power objective 7 A with eye-piece IV giving a magnification of 520. 
Some figures of dissected out embryos of this Convolvulus species and 
Nolana Atn2:)Uci folia are drawn under low power objective 3, eye-piece 
IV and with a magnification of 97. All figures are drawn under 
Camera Liicida on the drawing table on same level with the 
Microscope stage. 

Embryological Data. 

' In both the species Nolana Atriplioi folia and Nolana Prostrata the 
unfertilised embryo sac is a normal one. 

(I) The Filamentous Pro-embryo. ' 

- In both the species the first division of- the egg after fertilisation is 
by a traiisverse wall giving iis3- tc- an- apical cell -G A towards the 
embryo sac and the basal, cell OB towards the micropy-lar' end -(Fig. ' 
NPl :&vFig.-;JS[A:;2)...,The- is ’.w^il /dillereiitiated. from 
the- very .begins tbe.basal one, it. being shorter .and somewhat: 

rounded in shape and having richer protoplasm- This cell appears .to ■ 
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take an essential part in the formation of the embryo. The basal 
one GB is elongated and flattoiisd at the base and forms the suspensor. 

Many endospermic nuclei by now are formed in the embryo sac. 

The two cells OA and OB of this bieellular proembryo then 
segment transversely to give 4 superposed elements viz : 1 and T’ from 
GA and m & ci from GB (Kgs. NP 3 & NA 4). The fig. NA 2 shows 
that the apical cell CA divides first. 

A six-celled stage of the filamentous pro-embryo has been observed 
in Nolana Prostrata (Pig. NP 5) ; 5 ceils contain richer protoplasm 
and the basal one is rather large and baustoriaL The clear evidence 
of the origin of two cells from the V (the penultimate of the tetrad) is 
well-marked in the figure N A 4ywhere the cell is in mitosis and 
probably two terminal cells (Pig. NP 5) have been derived from the 
element 1. 

The details of further segmentation of the 6-eelled pro-embryo is 
probably variable (Pigs. NA 6, NP 7, Nx\ 8, NP 9), for the maximum 
number of cells in the filamentous pro-embryo seems not quite uniform 
(cf. Pigs. NA 6, NP 7, Nx4. 8, NP 9). But these differences, however, 
do not appear to affect the subsequent segmentation of the embryo 
proper. 

IL Sbgmbntatioh of Embeyo Peopee. " ■ : . , 

The three apical cells, which inay conveniently now be 'named 
I, II, III, take part in the formation of the embryo , proper. .• The 
penultimate cell II has tendency .to divide, first , {Ni\ .8)., then the 
terminal one, No I, starts to divide. The III cell is always later in 
division than these two.. , . : . 

The ultimate fate of each. tier is. as follows M,, ■ 

. I the terminal, one gives origin to cotyledon and stern apex. 

II the penultimate one gives origin to hypoeotyl and radicle. 
. J/I the third tier gives origin to middle of -the root eaxe.: ■ 

In the segmentation of the embryo proper the first two • terminal 
layers (Pigs. NA 6, - NP 7, NP 9) • enlarge and divide vertically to give 
rise to a quadrant stage of the embryo. The fig. NA 8 shows the 
penultimate one II starting to divide vertically. Then these 4 cells of 
the embryo in these two tiers I and II segment by wails at right 
angles to the first walls to cause an octant stage oi the embr*yo (Pig. 
NP 11). In the process of the formation of this octo-oelluhar ■ stage 
of the embryo the- fig. NP 10 shows* that -the twn cells l-in * the 
penultimate Gell IT first have divided to cause 4'“CoUs.* '■ • • - 1 ■ ■ 

in^ EAEEY DiFPEEBICTIATION OP TlSSXJES.-''-f‘-“" “ 

• -{a) Formation of The' figs. NA:1'2;‘ NP~M3;; NP 14 

sho'w-thai4.ft0r &enctaiit stage nf the ■'embryo 4 'aelk in' theTi^r:|' 
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and 4 calls in tho tier 11) the dermatogeii begins to be differentiated 
in the two terminal tiers I and II by periclinal segmentation. The’ 
differentiation in both the tiers is nearly simultaneous, so that the 
darmatogen is soon completed except that of the root tip, Le. in the 
third tier III. 

(&) TJib segmentation of hypocotyl from radicle . — After the 
differentiation of the dermatogen tho interior cells of the penultimate 
layer II (Eigs. NA 17, NA 18, NA 19, NA 20b) divide transversely to 
separate the cells of hypocotyl from those of the radicle, forming two 
layers r and h one above the other. The outer cells, i.e. the derma- 
togen-forming ones and in the penultimate region — the tier II, 
divide longitudinally. Eigs. Nx\ 20a and NA 20b show two adjoin- 
ing sections through the same embryo and 5 of the 8 dermatogen cells 
can be seen. Transverse divisions in this outer-ring then separate two 
layers, corresponding to tho two tiers h and r already formed in the 
central cells, i.e. representing tho dermatogen of the hypocotyl and 
radicle respectively (of, Eigs. NA 21, NA 23, NP 22, NA 24, NA 26h 

(c) Early segmentation in the cotyledon tier I : — After the forma- 
tion of two layers for separation of the hypocotyl from the radicle in 
the tier II, the 4 inner elements in the tier 1 cause two layers one 
above the other by establishing transverse divisions (Eigs. NA 19, NA 
21, NP 22, NA 23, NA 25, NA 26). The outer cells i.e. the derma- 
togen, also divide anticlinally to give rise to two layers (Eigs. NA 21, 
NP22,NA 23, NA 24, NA 25, NA 26). 

{d) Further demlopment in the hypocotyl and radicle regions . — 
In the progress of further growth in both the hypocotyl and radicle 
regions the inner cells in most cases divide longitudinally and then 
establish transverse divisions (Fig. NA 23, NA 24, NA 26, NP 27, NA 
29). Tho Eigs. NA 23 and NA 24 show that division in the radicle- 
forming layer r tends to precede those in the hypocotyl region. The 
dermatogen cells of h and r divide anticlinally to keep pace (Eigs. NA 29 
NA 80, NP 31). The inner cells in the radicle-forming layer r some- 
times have obligue divisions (cf. the left side inner cell in r, i.e., in the 
lower half of the tier Ilin Eig. NxA 25). In this case there are thus 
formed two elements very dissimilar in shape and size, the large 
outer one separating the smaller inner one both from the dermatogen 
and. the layer III. The inner smaller cell engenders the cells 
entering into the formation of the central cylinder and tho outer 
portion g|ves origin to the cortex of the root. When the original 
inner colls have longitudinal and transverse (instead of oblique) 
divisions, the central cylinder is differentiated from the cortex of the 
.root only after the formation of a fairly massiye tissue YEigs. NA 30, 
isrp SI. NA 32). 
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. • ■ (e) The formation of root cap from the tier ITL'— Up to tlie 
formation of the octant stage of tbs embryo (i. 0 . the 4 cells in the tier 
J, and 4 ceils in the tier IT) this layer III only comprises a single 
cell (cf. Kgs. NP 11, NA 12). In some cases (Kgs. NA 17, NA 21, NA 
23) this layer does not divide for a long time. But often along with 
the differentiation of the dermatogen (Pig. NP 14, NA 15, NP 16) it 
gives rise to a tier of 4 cells by two walls at right angles to one 
another. Later on in the advanced stage the details of segmentation 
in these 4 elements, vary. In many cases they divide obliquely 
(Pigs, NA 29, NA 30, NP 31) bat longitudinal and transverse segment- 
ations have also been observed (Pigs. NP 27, NA 28, NA 39, NP 40). In 
each case the subs3qu3nt mode of segmentation is different though the 
final results appaar to be similar. In the case of horizontal division 
the upper layers towards the embryo initiates at once part of the 
calyptrogen and the layer towards the suspensor forms an external 
layer of the middle part of the root cap. When the division is 
longitudinal or oblique these cells are believed to divide again trans- 
versely to give rise to two layers of cells. Their formation in details 
have not b^en , observed, but it seems in each case that the ultimate 
result is the same to cause two layers of cells one above the other 
segmenting off calyptrogen initials from the .external part of the cap. 
To the central portion of the rootcap lateral parts are probably added , 
being onginated by tangsntial divisions of the lowest epidermal cells 
of the basal region, viz : r of the tier II (Pig. NA 83). 

if) Suspensor,— The suspensor ultimately consists of a vertical 
row of 4-9 cells (Kgs. NP 7, NA 8, NP 10, NA 12, NP 13-14, NA 
15. NP 16, NA 17, NA 19, NA 21, NP 22, NA 23, NA 26, NP 27, NA 
30, NP 31, NP 34). Occasionally the cell nearest the root cap may 
divide , vertically to form a tier of two (Pigs. NA 26, NA 29, NA 30, NA 
32, NP 34). Sometimes an oblique division occurs in the basal haus- 
torial cell (Figs. NA 8, NA 21, NA 26, NA 30). ■ 

(g) Formation of Cotyledon d Stem-apex, — In the further 
development of the cotyledonary tier I the inner cells of the two 
layers divide longitudinally and transversely to add new cells in the 
formation of cotyledonary protuberances (Pig. NA 29, NA 30, NP 31). 
The dermatogen also divides to grow along with the development of 
the inner- parts of the cotyledonary tier. In a well-advanced stage 
these two cotyledons bulge out (Pig, NxA 35) but become curved in the 
ripe seed (NA S 6). 

The stem-apex is presumably also formed from the apical tier I 
at the base of the groove between the cotyledons (cf. Pigs. NA 35 and 
36). But in dissected out old embryos, (Fig. NA 35) and .even in the 
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secticmg-of-tfe rip3 S39d (NA 36) the stom-apgx is" not seen to be 
on^inatad. So it ssams it does not davalop until aftsr garmination. 

IV. iLiUSTEATION OP ABNOEMAL Casbs. 

_ There ar3,goni3 illustrations of abnorrial embryo formation both 
m Nolam Prostrata and Nolana AtripUdfoUa. Tho Fig. NP 3'/ shows 
a long filamentous struetura o^ 10 cells in 9 tiers the apical one 
hawng dimded abnormally. The Fig. NA 38 shows the division of th^ 

^ remained inactive whereas the 

second and third tier are quicker in speed of segmontatibn. , and cell 
division soems to havo boon without ordor, 

Discossion-. 

^ ^ Such are: the general data which emerge from the study of the 
emhrybnic development in the species Nolana AtripUdfoUa and 
Pmstrato belonging to the group Nolanaoe®. Brief comparison with 
available data for the other families mentionod in the introduction 
may now be made. . 

' ' , Comparison op NoLANACEis with SoLANACEiE. 

In his “ Embryologie dor Angiosparmen ” Dr. Karl Schnarf fWl 
has described that in the Solanaceons type of embrvr,7A.,T. • , 
cell CA of the bicallular pro-embryo taL 

formation of the embryo and the cells derived from the basal on- CR 
either take a very little part or no part at all. being only suspensor 
producing cells (p. 397). In these two Nolam AtripUdfoUa 

and Nolana P)ostrata we have already seen that tho same law is 
followed in the embryo formation: In them the basal cell CB does not 
taka part at all in the segmentation of the embryo proper. 

Soufeges (16) records the following facts about the embryo forma- 
tion in Solanacess : — 

(1) In the Solanaceae in general, from thetwo cells OA and 
CB of the bicellular pro-embryo develop i superposed cells (1 1 ' m 
and_ ci). Only in Datura, the apical cell CA occasionally divides 
vertically and the basal cell CB segments horizontally causing 4 e-lls 
arranged in three layers. In both the Nolana species the 2-c-Ued 
and the 4-celled filamentous pro-embryo have been found to have 
origm^ed m the same way as in all the species of Solan ace® -other 

A ' ^ as normal in tho 

Solanaceffi the apical cell CA segments before the basal one.- The 

evidence of the apical cell OA in mitosis in Nolam AtripUdfoUa (Fig 
wA iS) -el0a.iuy..sliowS' t]ao ■ * 
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(3) The. lezigtli of the filamentous pro-embryo is different in 

different sp3ci3s of Solanacese. In the 'majority'- of case's, vizr — in 
Nicotiand Sangumea Link., Nicotima Tabacum Iuq My'Qscy emus ' Niger 
L., Datura Slramonkm h.\ Atropa BMadona L.; 

the! filamentous pro-embryo is a short one of 4., cells only. There are, 
however, cases of 6 -to 8 -celled filamentous pro-ombry os in a few species. 
In Solanum Dulcamara L. a 6-c:lled pro-embryo occasionally develops 
though the usual number of cells is 4. In Salanmn Vildpmm Moench. 
a G-colled filamentous pro-ombryo is the rule, while in SolanumrSisym- 
brifdiwm 6, 7 an:l 8 -celled ones occur.' The origin of the 6-cellocl 
pro-embryo in Sol t7iimi Duhami)r^ and Solanum SmjmhrifQlmm 

In Solanum Dulcamara 4 apical ceils of the fi-celled pro-embryo, -are 
derived from the apical coil GA and 2 basal coils from the basal one 
OB of the bicellular pro-embryo, whereas in Solanum Sisymbri folium 
2 apical cells are contributed by the aiical coll CA and 4 basal cells: 
by the basal one 03. The occasional production of 7 and S-layered 
pro-embryos in Solanum SisymhrifoUum is due to the variable direction 
of division in the t^vo apical colls (1 and F) of the 6:C3lled. stage*,.. .Xhis= 
may be longitudinal, oblique or transverse; when both 1 and..r„cliYide 
transversely an S-tiered filament results. These differences, however,' (la ' 
not appear to affect the subsequent segmentation of the- embryo 
prpper. . .. . 

In both the Nolana species the pro-embryo is a six-celled one and 
probably developed like Solanum Dulcamara. As in Solanum Sisym- 
brifolium so in Nolana the details of .further segmentation of - this 
S-celiod filamentous ipro-ombryo seems. to be. variable but the.cliffQr- 
encos do not affect the subsequent division of the embryo proper. 

(4) In the SolanacGOus type tho three end cells ("called here 
I, II, III) take part in the segmentation of the embryo proper in the 
following- way 

I gives rise to the cotyledon and stem-apex. 

II „ „ „ „ hypocotyl and radicle. 

Ill „ „ „ „ middle part of the root cap. 

In Nolana the three end cells take jeart in the formation of the 
embryo in the same manner. 

(5) 111 the Solanaceae, viz., In species, Ilyoscyanms 

Niger,, Solanum Nigrum, Solamwi Villosum Moench and Solanum 
SisymhrifoUum two cells in, each of the three tiers I, II, III give rise to 
4 cells by walls ..at right angles to one another. In all, the penulti- 
mate tier II first starts to divide and segments more rapidly than the 
others, then the end one rfed lastly the third IIL The same ■ order 
Qf... segmentation. has also, been obseryod in Nolana AtripUcifoUa and 
Wotana PfQStrata, ' ■ ' ■ 
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(6) In NicoUa7ia AcummataiHyoscymmijS Niger, Solamm Nigrmn^ 
Solanum Dulcamara in the octant stage of the embryo (w. 4 cells in 
the tier I and 4 cells in the tier II) the dermatogen begins to be 
differentiated by periclinal divisions. On the other hand, in Solanum 
Nigrum some cells in the tier I sometimes segment transversely before 
the differentiation of the dermatogen, while in Atropa Belladona cells 
in the tier II occasionally divide transversely to separate the hypocotyl 
layer early from the radicle-forming one before the separation of der- 
matogen. 

In both the Nolaha species resemblance is to the average type and 
not to Solanum Nigrum or Atropa, the dermatogen being formed in 
both the tiers I and II directly after the octant stage of the embryo.- 

(7) In Nicotiana Acuminata, Hijoscyamus Niger and Solanum 
Nigrum after the differentiation of the dermatogen from the inner cells 
in the tier II, the next wall is transverse in these cells to cause two 
layers one above the other for the separation of the hypocotyl from 
the radicle. On the other hand, in Hyoscyamus the separation of the 
hypocotyl from the radicle is sometimes delayed whilst in Atropa it 
may occur prematurely (cf. para 6, above.) In both Nolana 
Prostrata and Nolana AtriplicifoUa the hypocotyl and radicle regions 
are laid down as in Nicotiana Acuminata and Solanum Nigrum, 

(8) In the segmentation of the cotyledonary tier after the 
formation of dermatogen in Solanum Nigrum Ot^nd Atropa Belladona, 
transverse walls are established in the 4 inner elements and anticlinal 
divisions in the dermatogen to cause two layers one above the other. 
On the other hand, in Nicotiaha and Hyoscyamus the subepidermal 
tissue of tier I remains as a single layer until a late stage, longitudinal 
walls only being fc^rmed. Tangential divisions occur in Solanum 

and occasionally elsewhere. 

In both Nolana Prostrata and Nolana AtriplicifoUa neither the 
tangential nor the vertical segmentation have been observed. In all 
eases as in Atropa Belladona there are transverse divisions in the 
inner cells and anticlinal divisions in the dermatogen producing two 
superposed layers dir0§j3ly. 

(9) There appears to be nothing remarkable in the further 

growth of the cotyledon and hypocotyl regions in any of the Soiana- 
ceous species, but details are given of the further development of the 
radicle portion. There are differences in the origin of the central 
cylinder and cortex of the root. In Hyoscyamus an oblique division 
in each of the 4 inner cells of r occurs to separate early the central 
cylinder from the cortex of the root. In Solanum Nigrum and 
Atropa the same differentiation appears occasionally, but 
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more often the central cylinder is differentiated out only after a fairly 
massive tissue has formed. In Nolana species separation of the 
central cylinder sometimes appears early by periclinal division in the 
inner cells (fig. NA 25), but usually is late. There is therefore some 
resemblance to Bolammi Nigrum and Atropa Bellaclona, 

(10) In Solanaceae sometimes the third tier divides slowly and 
does not do much for a long time. In Hyoscyamus and Solanmn 
Nigrum 4 cells are formed in the tier III rather early even before the 
formation of the dermatogen in the other two. The process of segmenta- 
tion in these 4 cells is variable. In Hyoscyamus they next divide 
horizontally, whereas in Nicotiana and Atropa Belladona they divide 
either obliquely or* horizontally. However, in each case two layers 
are finally formed one above the other separating the elements of 
calyptrogen from the external layer of the root cap. The lateral 
portions are added to right and left of the central part of the root cap 
by tangential division of the epidermal cells of the base of the lo’wer 
13 art of the tier III. In Nolana species 4 cells in the tier III sometimes 
have the same horizontal division (fig NA 28) as in some Solanaceous 
species. On the other hand in Nolana these cells occasionally divide 
vertically or obliquely. However, the general mode of segmentation in 
the development of calyptrogen and rooteap seems usually to be as 
described in Solanaceous species. 

(11) In Solanaceae the suspensor shows some diversity. In 
Nicotiana it consists of 3 to 5 cells. In Hyoscyamus and Solanum 
Nigrum it has five to six cells. In Datura its shape is clearly bulky. 
But in Solanum SisymbrifoUim the lower cells give rise to a suspensor 
which attains an unusual length of having 8 superposed cells. In 
Hyoscyamus and SoUmum Nigrum one vertical division takes place in 
the cell near the root cap. In Nolana species the usual length of the 
suspensor is long, 4 to 9 cells. This is, however, not widely different 
from the condition in Solanum Sisymbrifolium. When the suspensor 
consists of 9 cells, the cells tend to be rather short and broad (figs. NA 
21, NP 22). In other cases cells are rather long (Fgs. NP 16, NP 27). 
Like Hyoscyamus the cell nearest to the root cap occasionally divides 
vertically. The basal haustorial cell is always bigger in size than the 
others and sometimes divides obliquely. 

The above comparison shows that from the very beginning of the 
growth of the fertilised egg to the developed embryo in Nolana Prostrata 
Q^nd Nolana AtripUcifolia there is a well-marked analogy with the 
embryo formation of the Solanaceous type. The chief difference is in 
the length of the suspensor but the points of likeness are more 
numerous and are of a more fundamental nature. 


39—5 
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COMPABISON WITH BOBAGINACE^. 

Karl Schnarf (14) has placed Myosotis Hispida (Boraginacese) under 
his fourth group, the “ Chenopodiaceen-Typus ”, He has defined this 
type thus — “ca wird durch eine Querwand in zwei ubereinanderlie' 
gende Zellen geteilt ; an der Bildung des Keimlings hat ausser ca 
auch cb -wesentlichen Anteil/' So in Boraginaceae the products 
contributed from ca and cb both take part in the formation of the 
embryo whereas in Nolana Prostrata and Nolana Atriplici folia the 
product derived from ca only takes an essential part in the embryo 
formation. 

Sou^ges (17) has recorded the following facts about Boraginacea^ 
with reference to Myosotis Hispida : — 

(1) The two elements of the bicellular pro-embryo segm.ent 
transversely to give 4 suioerposed cells 1 and F, m and ci. In 
Nolana Prostrata and Nolana Atriplici folia and in the Solanacese the 
construction is the same. 

(2) The 6-celled pro-embryo in Myosotis Hispida is formed by 
vertical division of the cell F i.e., the penultimate one, but by oblique 
segmentation in the terminal one 1. The latter thus gives two 
dissimilar elements a and b in the tier I. 

Early enlargement and segmentation of the cells for the embryo 
proper and the oblique division in the tier 1 are peculiarities of Myosotis 
Hispida. So the ways of segmentation in the 4 ceils 1, F, m and ci of the 
pro-embryo in Myosotis Hispida clearly show that just after the 4-celled 
stage the analogy of the Nolanaceae with the Boraginaceae stops, (see 
also para 5 below). 

(3) In the segmentation of the embryo proper in Myosotis 
Hispida the 4 elements 1, F, m and ci take part in the formation of the 
embryo proper as follows : — 

1 engenders stem and cotyledon ; 

F „ half i.e. the upper part, of hypocotyl ; 

m „ half i.e. the lower part, of „ 
ci „ radicle + root cap + suspensor. 

But in Nolana Prostrata and Nolana AtriplicifoUa only three- end 
cells take part in the formation of the embryo, and all these three 
(tiers I, II, III) seem to have originated from l, ,and F contributed from 
the apical cell ca of the bicellular pro-embryo (cf. page 137), 

(4) In Boraginaceae in the four embryo-forming tiers subse- 
quent divisions first appear in the terminal cell then, proceed to the 
second,’ third and lastly to the fourth one. But in Nolana Prosatra 
and Nolana AtriplicifoUa/^^^ (II) has a tendency to 
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divide first, then the terminal one .(I) and lastly' the third tier divides . 
So the order of segmentation in the embryo-forming cells in Nolana 
also differs from that in the Boraginacese, 

(5) In Boraginaceae the two dissimilar elements called a and b 
in the tier I (or 1, see p. 144, para 2 above) segment by 2 walls to give 
rise to 4 elements occupying a tetrahedral structure in the tier I. 
The element which is thus placed at the top of the tier I has received 
the name epiphysis and engenders early the initials of the growing 
point of the stem and its epidermal layer. In Nolana Prostrata and 
Nolana AtriijUci folia the 2 cells in the tier I segment by 2 walls at 
right angles to one another to give rise to 4 elements all in the same 
plane. There is no sign of an epiphysis and therefore the mode of 
segmentation in the cells for the formation of stem tip and cotyledons 
in the tier I m Nolana does not agree at all with that in Mt/osotig 
Sispida. 

(6) The further development of the initials for the hypoeotyl- 
radicle and root cap is precisely described. Detailed comparison is, 
however, unprofitable since Myosofis Hispida and Nolana appear to be 
fundamentally dissimilar, (cf. para 3 above). 

(7) In Myosotis Hispida the suspensor consists of 2 to 3 cells, 
vrhereas in Nolana Prostrata and Nolana AtripUcifolm ^ long filament- 
ous suspensor consists of 4 to 9 cells. 

The above comparison shows clearly that after the formation of 
the 4-c3lled pro-embryo the law which governs the subsequent divisions 
in the formation of the embryo proper in Myosotis Hispida has no 
similarity with the law adopted in the development of embryo of these 
two Nolana species. 

COMPAEISON WITH CONVOLVULACB.3S. 

Gertrude Macpherson (11) observed the following sequence in the 
development of the embryos of Dodder and Morning Glory : — “ The 
first division of the fertilised egg in Convolvulus Sepium was transverse 
and resulted in the formation of an embryo very similar to that of 
Guscuta OronoviL The 4 and S-celled stages were elongated and some- 
what irregular in form, and much the same as in Guscuta, but never 
exhibited the pronounced urnlike form. In stages of more than eight 
cells the embryo of Convolvulus is spherical in form, with a rather 

pronounced dermatogen in the majority of cases..... In 

these advanced stages there is a very large suspensor consisting of large^ 
very vacuolated, uninucleate cells, which completely fill the micropylar 
end of the sac and force the embryo well into the sac. The enormous 
development of the suspensor is much more rapid than that of the rest 
of the embryo, from which its separation is not always definite.’’ 
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These facts have here been confirmed in the species, Co wofewte 
Tricolor, It has been said that in habit Nolana Prostrata approaches 
the Convolvlllace^B and particularly Gonvohmlus Tricolor, So the 
embryo formation of this species has here been specially compared \vitli 
those of Nolana Prostrata and Nolana Atriplicifolia ; — 

(1) The very young stages of the embryo of Convolvulus Tricolor 
could not be handled for dissecting out, so the development of 4 and 8- 
celled stages has not been observed. But according to Miss Macpher- 
son (11) these 4 and 8-celled stages of an allied species, viz. Convolvidus 
sepium, are elongated and somewhat irregular in form, whereas in 
these two Nolana species no such irregularity is observed. So even the 
early formation of 4'Celled pro>embryo in the Convolvulaceae has no 
resemblance to that of Nolana Prostrata and Nolana Atriplici folia, 

(2) The middle stages of the embryo of Convolvulus Tricolor 
have been easily dissected out as a whole. A characteristic of the 
embryo is the early development of chlorophyll pigments, so that the 
green colour helps to distinguish it from the surrounding tissue. 
After the S-celled stage (cf. figure of a dissected out embryo CT 48 
drawn under high power) a mass of irregular cells is formed in the 
pro>embryo. Till later the suspensor is not clearly differentiated. But 
in Nolana Prostrata B>iadL Nolana Atriplici folia theembryo-forming apical 
cell is well differentiated early in the two-celled stage from the basal 
suspensor-producing one, 

(3) During further developmental stages the embryo proper 
looks spherical in form and dermatogen is well marked (of. figures 
from sectioned embryos CT 42, CT 43, CT 44, CT 45, CT 46, and 
figures of dissected out embryos CT 47, CT 49, CT 50, CT 51 drawn 
under high power and CT 52, CT 53 drawn under low power.) The 
law followed in the embryo . formation of Nokma Prostrata and 
Nolana Atriplici folia is not at all applicable to the formation of 
embryo of Convolvulace®, 

(4) Massive tissue of suspensor, which acts as a haustorium, 
develops at first more vigorously than the tissue of the embryo (cf. 
figures CT 42, CT 43, CT 44, CT 45, CT 47, CT 49, CT 50, CT 51, CT 
52, CT 63). These suspensor cells become larger in size and more 
vacuolated than the cells of the embryo (cf. figures CT 42, CT 43, CT 
44, CT 45, CT 46). The massive suspensor is clearly seen also in the 
later stages (cf. figs. CT 46, CT 63, CT 54, CT 56, CT 66). This 
peculiar wray of massive development of suspensor and embryo in 
Convolvulaceae has no similarity with those of the two speoiesf Nolama 
Prostrata mxdi Nolana Atriplici folia and as such Nolanacese, it appears, 
have no affinity with Convolvulaceae. 
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Cytology. 

Gampin (4) was the lirst to study the cytology of Nokma Atripli- 
cifolia and N. Prostrata and recorded the haploid chromosome number 
in both the spp* to be 12, and declared that the cytology of the two 
species is similar. 

Whyte (20) in 1929 by his even a more thorough cytologicai 
study of these two parent spp. came to the same conclusion. Miss 
Saunders (13) in 1930 confirmed the same haploid chromosome num- 
bers for both the species. 

The diploid chromosome number of 24 has been counted in the 
young embryo of Nokma Atri^AicifoUa and in the integument of 
the ovule (Fig. NP 57) in Nolana Prostrata^ The triple number of 
chromosomes, viz : — 36, in the endospermic nuclei of N, Prostrata has 
also been counted (Fig. NP 58). 

Saunders’ (13) “ Discussion on the influence of the cytoplasm ” 
of these two species when crossed, may, with profit, be summarised 
here : — 

“ Prostrata 9 x Atriplicifoiia usually fails, but succeeds 
occasionally. The crossbreds differ from both parents in the colour 
pattern of the dower. The pollen is largely bad As a rule, the 
last flowers of the season alone set seed. 

These F^ crossbreds pollinated with Prostrata yielded little seed, 
but the back-cross wuth Prostrata as 9 proved somewhat less sterile. 
With Atriplicifoiia the back-cross either way scarcely ever gave a seed. 

The reciprocal mating, Atriplicifoiia 9 X Prostrata invariably 
failed. Nevertheless, there is strong indirect evidence that in nature 
this union is sometimes fertile, yielding plants indistinguishable in 
flower from Atriplicifoiia, 

Putative natural hybrids of this origin were indistinguishable 
in flower from the mother form. When seifed or pollinated with 
Atriplicifoiia they yielded only Atriplicifoiia through successive 
generations. When crossed back on Prostrata $ they gave Prostrata 
and the reciprocal crossbred in the ratio 1:1. 

The above facts tog3ther with the occurrence of “ reversed 
dominance” of certain characters in lateral generations suggest that 
inheritance may here be determined partly by the cytoplasm.” 

This unusual geneticai behaviour made it api^ear of some interest 
to study reciprocal hybrids of these two Nolana species with a view to 
find out whether or not there is any abnormality in their chromo- 
somes. (My very grateful thanks are due to Miss E. E. Saunders for 
offering the material.) 
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In the reciprocal hybrids Nolana Prostrata $ X Nolana AtTiflici~ 
folia (J' only the young ovules have been worked out. In some of 
these hybrids the development of normal type of 4 megaspores 
have been observed. The figs. NH r59, NP $ X NA shows the 
stage after the formation of 4 megaspores. Three of them are crushed 
and one enlarged. Chromosomes in these plants have not been 
counted. But in the hybrid AtripUcifolia $ x Prostrata 
(fig, NH 63, NA 9 X NP on the wall of megasporangia and 
microsporangia 24 diploid chromosomes have been counted. In the 
root-tip of Nolana Paracloxa (the “Putative natural hybrid”) 24 
chromosomes are found (fig. N. para 62). The contribution to Miss 
Saunder’s work is therefore rather negative. All forms, both parents 
and hydrids, have the same number of chromosomes. The available 
material has unfortunately been too scanty for the elucidation of the 
chromosome behaviour throughout the whole life cycle but such evidence 
as has been obtained gives no suggestion of gross abnormality. 

It, is, however, interesting to note as a further evidence of relation- 
ships between Nolanaceae and Solanacese that the basic number of 
chromosomes is 12 in N AtripUcifolia and N Prostrata, Tischler (17) 
found the same haploid number in many of the species belong- 
ing to Solanacsae. In the present work, in the root-tip of 
Solanum Dulcamara pvemnoe of 24 diploid chromosomes has been 
confirmed. Figures of chromosomes in the root-tip of N. Paradoxa 
(fig. N, para 62) and in the ovary wall of the hybrid plant (Fig. 
NH 63, NA $ X‘ NP show resemblance to Solanum Dulcamara 
(fig. Sol. I)ul. 61) in their general form and in the possession of a 
pair of chromosomes with satellites. On the other hand only in a few 
species of Boraginacete, worked out by Stray (17) in 1930, the haploid 
chromosome number 12 is found. But the commonest numbers of 
chromosomes in BoraginaceeB are 7 or 8 or multiples of 7 or 8. In this 
work in the root-tip of the spQoie^ SympMjkmvOfficincU^ in Boraginacese, 
42 chromosomes have been counted (Fig. B. S. 60). But in no species 
of Convolvulaceae has the haploid number 12 been described (17). From 
the above available cytological data , in Solanacea, Boraginace®, 
Convolvulaceae and Nolanaceae it seems Nolana has nearest relation- 
ship with Solanaceae. 

Summary* 

From the systematic position of the Nolanaceae as described by 
different authorities this group has possibilities of afi&nity with the three 
grpTOS-;— (1) Solanaoeae, (2) . Boraginacese and (3) Co.nyolyulaceae. So 
the .aTO of the work was to elucidate to which of these three groups 
Nolana Prostrata and Nolana Atriplici folia and as a matter of that the 
group Nolanaceae have the nearest affinity. 
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The following facts have been observed in the embryo-development 
of the two Nolana species : — 

(1) From the two-celled pro embryo the apical cell segments 
transversely to give rise to 4“Cell0d stage. The apical ceil divides 
before the basal one. It appears the apical cell only takes part in the 
formation of the embryo proper and the basal one produces suspensor 
only. The pro-embryo seems to be a long 6 to 8-celied filamentous 
one. 

(2) The three apical colls I, II, III take part in the formation 
of the embryo as follows : — 

I gives rise to cotyledon and stem -apex 
II „ ,, „ bypocotyl and radicle 

III „ „ „ middle of the root-cap. 

(8) In the early segmentation of tissues in the octant stage (i.e. 
4 cells in the tier I and 4 cells in the tier II) the dermatogen is cut off 
by periclinal divisions. 

(4) After the differentiation of dermatogen in both the tiers, I 
and II, two layers are formed in the penultimate layer II tos3parate 
hypocotyl from the radicle. During further growth of hypocotyl and 
radicle, sometimes in radicle region the central cylinder of the root is 
early separated from the cortex of the root by oblique division. 
Otherwise the central cyinder of the root is differentiated from the 
cortex of the root only after the formation of a fairly massive tissue. 

(5) In the cotyledonary tier I two layers are formed early 
There appears to be nothing remarkable in the further growth, of the 
cotyledons. They are curved in the ripe seed. Stem-apex is pre- 
sumably formed from the apical tier I, but does not appear to develop 
till the seed germinates. 

(6) The suspensor consists of a long filamentous structure of 
4 to 9 cells. The basal one is haustorial. 

(7) Some abnormal embryos are described. 

(8) The haploid chromosome number in both the species is 12. 

(9) Similarity in chromosome morphology in N, Pamdom and 
S. Dulcamara noted. 

(10) In reciprocal hybrids between the tw'o spp. of Nolana 
there is no evidence of gross irregularity in chromosome behaviour. 

(11) From a study of the embryo development and cytology in 
Nolanace®, Solanaceae, Boraginaceae and Convolvulacese the con- 
clusion is drawn that Nolana Prostrata and Nolana AtripUcifolia 
possess a type of embryo development of their own although the 
fundamental law in embryo-segmentation is like that of Solanaoese. 
They have no affinity with the Boraginace^ and Convolvulacese. 
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In conclusion I take this opportunity of expressing my deep 
gratitude to Dr, Manton who watched the progress of my work with 
keen interest and helped me, whenever necessary, with her very 
Lisefiil and kind advice. I am very grateful also to Prof. Drummond 
under whose general supervision and guidance my work was carried 
on® My sincere thanks are also due to the Curators of the Herbarium 
in the Kew Gardens and the Cambridge Botanic Garden, who kindly 
permitted me to observe there some very interesting specimens re- 
quired in connection with my research work. 
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Explanation of Plates. 

Plate I. Pigs. 1-25. 

(Pigures reduced to magnification 240 from the original figures 
magnified 960. N P=Nolana Prostrata, N A==NoIana Atriplicifolia, 
Der=Dermatogen. h=hypocotyl, r=radicle, sus=suspensor.) 

N P 1 — Two-celled pro-embryo. Apical cell C A, basal cell C B. 

N A 2-~Thre0 adjoining sections of the same two-celled pro-embryo. 
Apical cell G A in mitosis. 

N A 3 — Pour-celled pro-embryo, viz : — 1, T, m & ci. 

N A 4 — Four-celled pro-embryo 1, T, m & ci, the penultimate one is 
in mitosis. 

N P 5— G-celled filamentous pro-embryo. Probable 4 terminal cells 
derived from 1 & F. Three terminal tiers named I, II, III 
taking part in the formation of embryo proper. 

N A 6 — Beginning of embryo proper. Tw^o end tiers I & II 
enlarged and divided longitudinally. 

N P 7— As N A 6. 
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N xA 8 — -Penultimate II divided longitudinally. 

N P 9— Quadrant stage of the embryo (2 cells in the tier I and 2 
in II) 

N P 10—1 cells formed in the penultimate tier. 

N P 11 — Octant stage of the embryo (4 cells in the tier I and 4 
cells in II) 

N A 12— After octant stage of the embryo left hand cell in the 
penultimate one II is in mitosis periclinal to separate off 
dermatogen. 

N P Id—Dermatogen differentiated in the penultimate II and also 
in the right hand coll of the tier I by periclinal division, 

N P 14 — Dermatogen differentiated in both I & II. Ill tier divided. 
Sus— 6 cells. 

N A 15— As N P 14. 

N P 16— As N P 14 but dermatogen in the cotyledonary tier I 
divided anticlinally. The* 2 cells in III are in mitosis. 

N A 17 — Right hand inner cell in the tier II divided into t'wo layers 
to separate hypocotyl, viz : — h from radicle, i.e., r and the 
left hand one is in mitosis. Ill tier still undivided. Sus 5. 

N A 18 — 'Same stage as N A 17, tier III divided. 

N A 19— Two tiers formed in the tier II and two tiers in the right 
hand cell in the tier I. Ill tier is in division. Sus 6 cells. 

N A 20a & 20b — Two adjoining sections of the same embryo to show 
longitudinal division of dermatogen of tier II but trans- 
verse division of central cells. 

N A 21~The layers, viz : — h and r in the tier II and two superposed 
layers in the right hand side of the tier I, III tier still 
inactive. Long sus — 9 cells, broad and narrow. Basal 
haustorial cell divided obliquely. 

N P 22— Two superposed layers in both tiers I and II. Ill tier 
divided vertically. Long sus — 9 cells broad and narrow 
as in N A 21. 

N P 23 — Two layers formed in both tiers I and II and middle cell in 
thetierr divided vertically. Ill tier still undivided, Sus 
5 cells, 

^ 24— Two layers r and h in the tier II and further vertical division 
in the middle cells of r and in the right hand middle one 
in h. 2 superposed layers also in cotyledon tier I. 

N A 25— Two superposed layers formed in both I and II and the left 
hand cell in the tier r by a curved wall to differentiate 
central cylinder of the root from its cortex. 
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Plate II. Figs. 26-36. 

(Fig. N A 35 of a dissected out embryo and N A 36 a sectioned 
embryo of a ripe seed reduced to magnification 24 from the original 
figures magnified 97. All other figures in this plate reduced to magnifi- 
< 3 ation 255 from the original figures magnified 960 ) 

N A 26— Both longitudinal and transverse divisions in the central 
ceils of layers h and r (central cylinder and cortex of the 
root are not difi'erentiated early as in N A 25 in the plate 
I). Ill and lY tiers divided vertically sus 5, basal haus- 
torial cell divided obliquely. 

N P 27— Further advanced stage. Central cylinder and cortex of the 
root still undifferentiated. Ill in 8 cells formed by nearly 
vertical divisions (4 visible in section) Sus 5 longer in size. 
N A 28 — Tier III divided transversely. 

N A 29““-Farther advanced stage. Cells in tier III obliquely divided. 

One cell in mitosis in the cotyledonary tier shows 24 
chromosomes. 

N A 30 — Central cylinder and cortex of the root differentiated in tte 
tier r. 4 cells in III obliquely divided and tier IV seg- 
men ted vertically. Sus 5, basal haustorial cell divided 
obliquely. 

N P 31 — Same stage as N A 30. IV tier undivided. 

N A 32 — Two adjoining sections of the same embryo. Advanced 
stage but III tier consists of 4 cells. 

N A 33— "Whole root-cap and its external layer of the middle part 
derived from the tier III. 

N P 34— IV tier divided vertically, 

N A 35 — Dissected entire embryo. 2 cotyledons bulge out. 

N A 36 — Section from ripe seed. Cotyledons curved. Still stem- 
apex not formed. 

Plate III. Figs. 37-56. 

(Figures N P 37, N A 38, N A 39, N P 40, N A 41 reduced to 
magnification 260 from the original figures magnified 960. Figs. 0 T 
42“C T 46 reduced to 155 from original figures magnified 520 drawn 
under ordinary high power. C T 47 to 51 figures of entire dissected 
embryos same reduced magnification to 180. Figs. C T 51 to 56 re- 
duced to magnification 27 from the original figures drawn under low 
C T = Convolvulus Tricolor, 

N P 37— Long filamentous pro-embryo. Apical cell abnormally, 
divided. 
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N A 88— lY tier early divided. 

N A 39 — Middle cells in the tier r hrst divided transversely. Tier III 
divided transversely. . 

N P 40 — Vertical division in the tier HI, tier IV divided whereas tier 
I slow in divisions. 

N P 41 — Tier I slow in division, other tiers seem to divide without a 
definite order. 

C T 42 — 0 T 46 — Different stages of developing embryos of Convol- 
vulus Tricolor (microtome sections). Embryo proper spheri- 
cal in form. Dermatogen differentiated, massive suspeiisor 
divided more vigorously, cells vacuolated, larger in size. 

G T 47 — 0 T 56 Different stages of dissecting out entire embiyos of 
Convolvulus Tricolor. 


Plate IV. Pigs. o7--68. 

(x\li figures of chromosomes magnified 2,600 same as from original 
figures. Pig. N H 59, N P 9 x N A is in same magnification 960 as 
in original figure. 

Gh —chromosome, N H=Nolana Hybrid. 

N P 9 = Nolana Prostrata Female, N A (f' = Nolana Atriplicifolia 
male. 

Sol. Dul. = Solanum Dulcamara. B. S. = (Boraginacese) Symphy- 
tum Officinale. 

N xl 9 Nolana Atriplicifolia Female, N P Nolana Prostrata 

male. 

N P 57 — 24 diploid chromosomes in integument. 

N P 58 — 36 triploid chromosomes in Endosperm. 

N H 59 (N P 9 X N xA — 4 mogaspores within 

nucellus. Three megaspores crushed (black ones). 

B. S. 60 — 42 chromosomes in the root-tip. 

Sol. Dul. 61 — 24 chromosomes in the root-tip. 

N. Para 62 — 24 chromosomes in the root-tip, 

N H 63 (N A 9 X N P somes in ovary wall. 
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Introduction. 


The Coprophilous Fungi, i.e., fungi growing on dungs, have not 
been systematically studied in this country. If carefully studied 
many interesting forms will no doubt be added to the list of our 
present fungal fora. 

Important contributions on dung fora have so far been mostly 
made from Europe, and among others the work of Hansen in Denmark ; 
Boudier and Cronan in France ; Coemans and Marchal in Belgium ; 
Spegazzini in Italy ; Heimeral and Zukal in Austria ; Winter and 
Zopf in Germany ; Karsten in Finland and Chelchowsky in Poland 
deserves special mention. 

The members of all the four great divisions of fungi are fairly 
represented in the dung. The largest number of individual species of 
fungi are found in the dungs of herbivorous animals. According to 
Saccardo, the dungs of herbivora, carnivora and reptilia bring forth 
seven hundred and eight, forty-five, and four species respectively. 
Collectively there are nearly seven hundred and fifty-seven species 
in one hundred and eighty-seven genera. Other fungi especially, 
those of Hyphomycetes do not confine themselves to the dung, but 
may also grow on decaying vegetable substances. As the majority of 
coprophilous fungi grow on herbivorous dung, the general distribution 
will be infuenced by the relative number of such animals in a given 
region. 

In this paper it has been possible to study' the dungs of 6 animals 
thoroughly. These are, rabbit, sambhar, horse, goat, buffalo and sheep. 

The dungs were collected fresh from the Zoological Garden, 
Lahore. These dungs were placed in sterilised dishes which were 
placed under the bell -jars on glass plates and sealed with vaseline to 
prevent contamination. 
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Eor the study of the Hyphomycetes temporary mounts of the 
material ware made in Glacial Acetic Acid, because the conidia fall 
away in water giving no clue to its identity. Eor the permanent 
mounts material was stained in Alcoholic Eosin and mounted in 
Balsam. 


Generally for staining the material, Alcoholic Eosin was largely 
used and proved very satisfactory. In Sordare® the stained 
portions were only the asei and the mucilaginous appendages of the 
spores. Chffitomium spirale and Magnusia uitida were mounted 
unstained in Glycerine. 

_ The dungs were examined every day under the binocular which 
easily revealed the birth of every new species. The petri-dish was 

always kept covered with glass plate while examining. 

Altogether 29 different species in 21 genera have been recorded 
from mess 6 dirrerent dungs. 

The writer expresses his indebtedness to Dr. H. Chaudhuri of the 
Panjab University for general guidance and helpful advice throughout 

the period of the investigation, and in the preparation of the 
manuscript. 


General Characters of the Goprophilous Fungi. 

As Coprophilous fungi do not form a concrete group, they cannot 
be treated from a comparative point of view, nevertheless some 
structural features claim attention. The most typical of the ascigerous 
coprophilous fungi are those included in Sordare® and Aseobole®. 
Spores in both of these groups are comparatively large and deeply 
coloured. In the genus Aseobolus spores are hyaline when young 
but become brown when reaching maturity. Similarly in Sordare® 
the spores pass a series of colours to reach the final opaque stage. 

The spores m the case of Aseobolus are surrounded with mucilage 
in some species, whereas m Sordaria macrospora the mucilage forms a 
hyaline refractive belt. In Sordaria curvula a hyaline appendage is 
■attached to the sides of the spores. It has been observed that when 
the spores are fully mature, the appendage disappears, while in the 
young condition it is very prominent. 

In many of the dung borne fungi, the sporangium or spores are 
ejected at a long distance. In the ease of Sordareae spores are ejected 
in a mass to a considerable distance. Ascospores of many of these 
coprophilous fungi are difficult to germinate unless they pass through 

the alimentary canal of animals. 

_ Examination of dung kept in the laboratory shows that 
various species of fungi do not confine themselves to any specific habit- 
at. It IS obvious, therefore, that in many cases at least no character of 
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specific value can be attached to the occurrence of a species on the 
dung of any particular animal. 

The perithecia in Sordareae are immersed to various degrees in 
different dungs. This probably, as Massee remarks, depends upon the 
hard or soft texture of the sub-stratum. 

It has been found that the number of individual plants belonging 
to a particular species differ in different dungs, for example, Sordaria 
macrospora and Ascobolus viridis are abundant in sheep and buffalo 
dungs respectively, whereas this is not the case in the other dungs 
where both of these species are present. 

Eegarding sequence of appearance of the different fungi, it has 
been noticed that Phy corny cetes, usually heralded with Pilolobus, 
followed by species of Mucor. Next various members of Hyphomycetes 
appear and then the Basidiomy cetes. The Ascigerous fungi are usually 
the last in the sequence to appear. 

Table of Fungi, 


The following table shows the species which appeared in various 
dungs during the course of 6 months (December to May). 


No. 

Rabbit 

dung 

Sambliar 

dung 

Horse 

dung 

Goat dung 

Buffalo 

dung 

Sheep 

dung 

1. 

■ 

Mucor 

mucedo. 

M. mucedo 


M. mucedo 

... 

2. 


Pilobolus 

loiigipes. 

P. 

Longipes. 


P. 

Longipes. 

... 

3. 


... 



Pilobolus 
mi nut us 


4. 

... 

... 

Pilobolus 

crystallinus. 

... 

P. 

crystallinus. 


5. . 

i 

■ 1 


... 

Myxotrichum 
charatum. | 

... 

... 

6. 

j 

1 

- 


- 

- 

Aspergillus 

flavus. 

7 


i 


Myxotrichum 

aeruginosum. 

i 

... 

s. 




Magnusia 

nitida. 

... 


9, 


Sordaria 

macros- 

pora. 

s. 

macrospora 

S. 

macrospora 

S. 

macrospora. 

' ; ■ s. 

macrospo- 

ra. 

10. 


Sordaria 
curvula. I 

S. 

curvula. 

... 
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Table of Fungi — KContd.) 


Na 

Rabbit 

dung 

Sambhar 

dung 

Horse 

dung 

Goat dung 

Buffalo 

dung 

Sheep 

dung 

11. 

\ 

■ 


Chaetomium 

spirale. 

r ' 

i 


12. 


... 


1 Sporomiella 
nigropurpu- 
rea. 

! 

1 

i 

... 

13. 

... 

... 


Pezolepis 

sp. 

... 

... 

14. 

Ascobolus 

viridis. 

... 


Ascobolus 

viridis. 

A. 

viridis. 

... 

15. 

... 


... 

. 

Lasio bolus 
hirtellus. 


... 

16. 



... 

Lachnella 

fraxinicola. 

... 

... 

17, 


... 

... 

Lachnella 

albido-fusco. 



18. 

... 


Coprinus 

niveus. 

... 

... 

... 

19. 


Coprinus 

papillatus 


... 

... 


20. 

«*• 

... 

Coprinus 
radiatus | 


1 ' 


21. 

Coprinus 

ephemeriis. 




... 

... 

22. 

... 


i Bolbitus i 
vifcelliiius. j 



... 

23. 

Dendrostil- 
bella b^'ssina. 

... 

* 

1 



... 

24. 



i 

1 i 

j 

Silicipodium 

1 sanguineum. 


25. 



! Oedocepha- 
lura glomeru- 
losum 

Oe. 

glomerulo- 

sum. 

1 Oe. 

glomerulo- 
sum. 

... 

26. 

Artbro bo- 
try s super ba. 



i 



27, 

' Stysanus 
stemonitis 

- 

1 



S. 

Stemonitis 

; 28. 

Torula 

convoluta. 


... 


.... 


29. 



... 



Isaria 

brachiata. 

Total 

No. 

6 

^ 5 ■ i 

i 

10 

12 

8 

4 
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Descriptions. 

1. llkjo-r mimdo. (Link), Eng. and Praiifc. Nat. Pflan.- Earn. Teil 

L L ABT., p. 124. Kg. 106 : Saco. SylL Fung. Vol. VII, 
p. 191. 

Sterile bypheae creeping, branched, septate ; sporangiophores erect, 
imbraiiched, smooth, aseptate, 1-4 cm. high 5-4 — 12 jx thick; sporan- 
gium terminal, giobose, yellow when young becoming greyish with 
age, 54—12 /i in diameter; columella cylindrical, club-shaped, 
€-21*5 vX 40 — 148 fi (from various specimens in various grades of 
development) ; spores broadly elliptical, hyaline, 4-5 — 1-7 x 2*5—7 p,. 
Habit : — Buffalo, Horse and Sambliar dung. 

2. Piloholus longi^jes (Van Tiegh.) ; Sacc. SylL Fung., VoL 7, p. 185. 

Sporangiophore erect, elongated, 1*8 to 2 mm. high, apice globose, 
base bulbous, basal mycelium long, extending, sub-cylindrical, yellow ; 
sporangium 310 to 400 p in diam. Colour uniform, dark; spores 
ellii30sid to sub-spbaeroid, epispore rough, thick, cartilage-like, 9 to 
12 X 8 to 11 p. 

In the young condition the plant is cjuite yellow, especially the 
sporangium which becomes dark vdth age. 

Habit : — Buffalo Dung, Horse and Sambhar dung. 

3. Pihbolus minutus. (Speg.) Sacc. SylL Fung., VoL 7, p. 186. 

Sporangiophore superficial, gregarious, 2 to 2*5 mm. high, first 
filiform then swollen at the apex and elliptical at the base, hyaline ; 
base, bulbous, tapering downwards, covered with minute drops of water; 
sporangium soft, greyish, 3 mm. in cliam. ; spores elliptic to sphaeroid, 
hyaline, granular, 8 to 9 p in diam. 

Habit Horse and Buffalo dung. 

4. Piloholus cnjstalUnus, (Wigg.) Sacc. SylL Fung., Vol. 7, p. 185. 

Sporangiophore slender, 4 to 4*5 mm. high, yellowish, bedewed, 
transparent, apice swollen, club-shaped ; sporangium hemispherical, 
310 p ill diam., black, cuticle verrucose, reticulate, columella bluis^li, 
contains numerous spores ; spores of uniform shape, elliptic, epispore 
thin, 6»‘2 to 9 X 3.7 to 4.5 pt, light yellow. 

Habit Horse and Buffalo dung. 

6. Aspergillus flaviis. (Link) Thom, C. & Church, M. B., Asperg., p. 199. 

Sterile hypheae creeping, effused, dirty white; fertile hypheae 
aseptate, erect, 7*2 to 8 mm. high, 24*3 to 33*7 p wide, attenuated 
towards the base, swollen in apex into a head; head 40 long and 
35 p wide, at first white then becoming more or less greenish yellow, 
sterigmata in one series, densely covered with chains of conidia, conidia 
minute, hyaline, elliptic with obtuse etids, 4*7 to 6*2 x 3 to 3’8 p. 

Habit Sheep dung. ■ 


39—6 
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6. Myxotrichmn cJiaratum (Kunz), Sacc. SylL Fung,, VoL 4, p. 317. 

Glomeruli gregarious, flask-shaped with a short neck 270 to 324 ps. 
in diam., neck cellular; hypheae thick-walled,; black, united, forming a 
lattice-like peridium, much longer than glomerulus, 18 to 607 x 5»4 ^4 
smooth, uncinate at the apices, septate ; asic minute, densely crowded 
into a yellowish mass, globose, octo-sporous spores faintly yellow, 
oval, smooth 6*2 to 7*2 x 4*6 to 6 y.. 

Habit : — Goat dung. 

7. MyxotricJmm aerugmosmn, (Mont.), Sacc. Syll. Eung, VoL 4, p. 319 

(1886). 

Glomeruli scattered, roundish flat, 172 /a in cliam. blackish, 
superficial; hypheae dense, intricate, irregular, septate, thick- walled, 
united to form a network ; apiDondages spinous, erect, tapering at the 
tip, 384 to 140 fk in length. Spores hyaline with a slight grey tinge, 
oval, smooth, 12-5 to 14 x 6*2 to 7*9 pk. 

Habit : — Goat dung. 

8. Magmisia nitida. (Sacc.) Sacc. Syll. Fung., i. 38 (1882). 

Perithecia scattered or sub-gregarious, superficial, sub-globose, 
membranaceo-carbonaceous, black about 1 mm. in diam. ; wall dense, 
parenchymatous, fragile, composed of small polygonal cells, diam. 
about 5 /* ; appendages springing from the both sides of perithecium, 
from 6 to 20 in number, horizontally spreading somewhat rigid, dark 
brown, opaque about 675 to 767 x 4 //., regularly circinate at the 
apex, asci oblong or oblong-pyriform, octosporous, very evanescent ; 
spores broadly elliptical, acute at both ends 4x3 smooth, at first 
hyaline becoming steel grey. 

Habit : — Goat dung. 

9. Sordaria macrosfora. (Auersw.), Wint., Deutsch. Sordar. 79, Taf. 

Vn,f. 4 (1873). 

Perithecia black, gregarious or crowded, glabrous, semi-immersed^ 
sometimes superficial, 1/3 to 1/2 mm. in height, basal part sub-globose, 
narrowed upwards into a short bluntly conical neck, perithecial wall 
parenchymatous, cells 14 //*, tapering below into an evident stalk, apex 
rounded octo-sporous. Spores yellowish green when young and black 
at maturity. Uniseriate broadly obovate or oblong, rounded at the 
apical end and minutely pointed at the basal end, 20 to 25 pt x 13 to 

rt p. L': 

Habit -—Goat, Sambhar, Buffalo, Sheep and Horse dung. 

10. Sordaria ommla. Bary), Wint., Deutsch. Sordar. 101, Taf. 

XI, f. 22 (1873) ; Sacc. Syll. Fung i. 233 (1882). 

PerithMa’ blackish, somewhat transparent, gregarious, 445 long- 
immersed to the base of the neck, basal part ovate globose, narrowed 
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upwards iiilo long obtuse neck,' wall parenehymatous; a'sci cylindrical^ 
shortly' pedicellate, broadly rounded upwards, oeto-sporons, • 162 ’ to 
175 X 27 to 29 // ; spores ellipsoid, 'So to 29*6 X 14 to 17 pt, with a' 
hyaline cylindrical baM appendage, 18*7 X‘ 4-7 a little shorter than 
the spores. ” 

Habit : — Horse and Sambhar dung. 

11. Chcstomium spirals. (Zopf.), Eng. and Prant. Nat. P3an. Earn. 

Teil, I, I. ABT, p. 388, Fig. F, p. 389. 

Perethecia scattered or sub-gregarious, oval or elliptical 148 to 
189 /4 high, with numerous crowded, mostly spirally wound hair, 
which are fuscus and multi-septate, often become very rough, lateral 
hair spreading, simple, straight ; wall of the perethecium cellular, 
light grey in colour ; spores bi-seriate, sub-globose, 5-6 to 6*2 X 5*6 
to 6 p. 

Habit : — Goat and Sheep dung. 

12. Sporomiella nigro purpurea. (Ell. and Everh.), Sacc. SylL Fung. 

II, 330. 

Perethecia soft, carnose, aggregated into groups, forming more or 
less extended continuous black patches, 175 to 189 /t ; asci numerous, 
84 to 103 X 9 to 12 pt, narrowly cylindrical, often flexuose, narrowed 
below into a stalk, octosporous ; spores bi-seriate, sub-cylindrical, 28 
to 31 X 5-6 //., surrounded with a narrow layer of mucilage,, nearly 
straight, tetra-merous, median cells sub-globose, terminal cells sub*- 
ovate ; perithecial walls parenchymatous. 

Habit : — Goat dung. 

13. Fezolepis sp. (3yd.), Clem, and Shear. Gan. Fung., p. 114 (1931) 

(Ann. myc. 23 : 408. ill. (1925). 

Apothecia gregarious, variable in size, elongated, disc fiat, super- 
ficial, dark to dark brown, '6 to *9 mm. width x *9 mm. height,*' 
glabrous, superficial and leathery ; asci and paraphyses enclosed in 
the exciple, numerous, arranged in vertical rows, clavate, with a stalk- 
like base, 135 to 189 /4 in length and 13*5 to 20 pi in breadth, octo" 
sporous ; spores oval, hyaline, arranged in a single row, smooth, 13*5, 
to 18 /4 in length, 11 to 13 y- in breadth ; paraphyses hyalin e 
filiform, septate surrounding the ascus. . . 

Habit Goat dung. • 

14. Ascobolus mridis. ,(Curr.) Sacc. Syll, Fung. Vol. .VIII, p. 519. 
ilpothecia gregarious, very variable in size, 2 to 3 mm. across, at 

first close, cup-shaped, becoming flat when mature, green, becoming 
yellowish green, when mature, superficial, glabrous, leathery, at length 
ruptured at the apex by protruding asci; asci numerous arranged in 
vertical rows, cylindrical, lower portion distinguishable .as stalk, 185 
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to 175-5 X 24*3 to 27 /i, ooto-sporous, spores hyaline when young 
Ijassing through all shades of violet to dark violet at maturity, oval' 
striate, ejected in a mass to some distance, 19 to 21*9 x 94 to ’ ll 
paraphyses filiform, hyaline, surrounding the ascus, septate. 

Habit :-*-Buffalo, Goat and Babbit dung. 

15. Lasiobolus hirUllus, (Karst.), Sacc. Syll. Eung./ VoL VIII, p. a 33 . 
Apothecia gregarious, variable in size, superficial 279 i% in width 

(mean) 243 in height (mean) ; somewdiat triangular, yellow, fleshy, 
setose seteae erect, arising from the sides, very few, 148 to 243 /z in 
height; asci few arranged in vertical rows, clavate, with a base 
ocbosporous, 162 x 20 (mean) ; spores hyaline, smooth, uni-seriate- 
ovahglobose, 13-5 to 16-2 x 10*8 //.. 

Habit : — Goat dung. 

16. Laohidla fraxinicola. (B. et Br.), Sacc. Syll. Eung., Vol. VIH 

p. 396. 

Apothecia scattered, sessile, scuteliate, disc depressed, greenish 
yellow, covered with hairs, 311 to 337 pi in diam; hairs arising from 
the sides, pointed at the end and broad at the base, hyaline, unseptate, 
asci cylindrico-clavate, stalked, octo-sporous, 94-5 to 108 x 13*5 
spores fusoid, hyaline, in a single row, 13*5 to 18*5 x 6*4 f/. • 
paraphyses filiform, hyaline, unseptate. 

Habit : — Goat dung. 

17. LacJmella albido-fmca. (Sacc.), Sacc. Syll. Eung., Vol. VlII, p. 397. 
Ax^othecia scattered, sessile, globose, when young, becoming 

scuteliate when mature, dark brown, covered with hairs ; 135-202 m 
across ; hairs arising irregularly on the surface of the apothecium, dark 
yellow, unseptate ; asci clavate ; attenuated at the base, octo^siiorous, 67*5 
X 11 pt; spores ovato-globose, hyaline, arranged in a single row in 
the ascus, 6*2 to 7*8 x 6*2 iiy paraphyses simple unseiDtate, abundant, 
hyaline a little longer than the ascus. 

Habit Goat dung. 

18. Coprinus niveus) (pars), Er. Carl. Etn. Brit. Basid., p. 505. Pen- 

nington. Coprinus., p. 217. 

Pileus 1*5 to 2 cm. across, elliptical, then eampanulato-expanded, 
at length revolute, fiesli white, very thin at the margin, almost^, 
persistently covered with snow-white fioccose down ; gills slightly 
attached, narrow, becoming blackish ; stem 7 to 8 cm. high, 2 to 2*5 
mm. thick, sub-egual or slightly attenuated upwards, villose, white, 
hollow ; spores black, violet tinged, browmsb when young; broadly 
elliptical, 13 to 16 X 10 to 12 p, veil at the xfileus is of mealy nature 
but tomentose at margin. 

Habit :“Horse dung. 
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19. Coprinm (Batsch.), Fr, Efe, 'C. Brit, Basid. p." 607 „ 

(1922). 

Pileus 5 to 10 mm. across, oyai, tien campaiiulate, fiaally, 
expanded, margins reyolute, flesli dirty white, thin at the margin 
coyered with hairs ; gills slightly attached, narrow, becoming blackish 
at maturity; stem 1-9 to 3 cm. high, 8 to 10 mm. thick, smooth; 
lower portion root-like and brown upper dull white, hollow; spoi’es 
black, brown when young, elliptic, 8 to 11 into 4*5 to 6*3 P-. 

Habit : — -Sambhar clung. 

20. Ooprimis radiatus, (Bolt.), Fr, Carlton. Eae. Brit. Basid., p. 

512 (1922), Pennington, Copriiuis p. 223. 

Pileus 7 to 12 mm, across, at first ovate or short cylinderic, then 
eampanulate, finally nearly or quite plane and slightly depressed at 
the center, very thin, deeply plicate, pileus with a few granular scales , 
slightly pruinose with glandtipped hairs, pale-brown or yellowish- 
brown; disc darker with bright yellow at the centra; gills narrow, 
distant, free ; stem 2 to 2-8 cm. high, 1 to 1*5 mm. thick, slender , 
fragile, hollow, white becoming darker with age, slightly pruinose with 
glandular hairs; spores elliptical to broadly ovate, 8 to 9 x 6-5 to 7-5 
mm., very dark. 

Habit : — Horse and Goat dung. 

21. Coprmus ephemerus^ (Fr.), Carl. Eae. Brit. Basic!., p. 515. 1922. 

Penn. Coprinus., p. 224. 

Pileus 6 to 18 mm. across, ovate, then eampanulate, finally 
expanded, often splitting and revolute, margin uneven sometimes^ 
striate, plicate when expanded, very thin ; disc even or slightly elevat- 
ed, yellowish-brown, at first slightly pruinose wdth minute hairs, pileus 
smaller in dimensions than the bulb-like stem when young ; gills linear, 
slightly adnexed or barely reaching the stem, usually white at the 
margin; stem 3 to 6 cm. high, 1 to 1-5 mm. thick, ecpial or slightly 
tapering upwards, hollow, wide ; pores black in mass, ovate, cylindrico- 
eliiptical, 8 to 10 >s 6 to 8 /*. 

Habit ; — Babbit dung. 

22. Bolhitm vitellhius, (Pers.), Fr. Carl. Bae. Brit. Basid., x). 497, (1922)* 

Pileus 1‘5 to 3 cm. across, yellowish-brown, submembranaceous, 

deeply eampanulate, then expanding and convex, viscid, smooth, then 
furrowed, and splitting at the margin ; stem 6*5 to 9*5 cm. high, 1.5 to 
2*5 mm. thick, attenuated upwards from the sub-bulbous base, covered 
with white mealy fugacious fiocci ; gills ochraceous, then dark brown, 
free, attenuated at both ends, thin crowded ; flesh yellowish-brown, 
thick at the disc; spores ferruginous, yellow under the microscope, 
broadly elliptical, 12v5 to 14 x 6*2 to 9 /«. 

Habit t—Horse dung. 
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23. - DMdrostUbella byssina, (Alb. et Schw.), Lindau. Die. Alikro. Pilz0. 

2 A B T. 2 A U f 1. p., 244, fig. 310 (1922). > 

Plants scattered or more or less gregarious; stem simple, L2 to 
1.5 mm. in height, stem .straight or slightly Hexuos^, black, continues 
to form head by branching variously, head globose, rust-grey in colour, 
spores at the tips of the branches, elliptic to ovoid, smooth, light grey, 
,3*1 to 4 X 1*5 to 2.5,jtt, . 

Habit Babbit dung. , . . 

24. Siliciopodium sangumetwi, (Corda.), Sacc. Eng. Prant. Nat. Pfl. 

Earn. p. 490, 491. Fig. 254, i, c. I ABT. 

Conidiophore compact, cylindrical, pure white, 7 to 1*5 mm. long, 
175 to 324 fjL thick; head somewhat swollen, conidia attached at the 
tips of the hypheae on the head ; conidia hyaline, oval to elliptic, 20 to 
24'3 fjL in length, 11 //. in width. 

Habit .-—Buffalo dung. 

25. Oedocephahm glommilostmi. (Bull.), Sacc. Syll. Fung. IV, 47, (1886)» 
Gregarious at first pure white then tinged with rose colour, or 

more frequently pale salmon colour with a tinge of yellow ; stem sub- 
Cylindrical or slightly attenuated upwards, 94*5 to 200 X 10*8 p; 
transverse septa variable in number, sometime absent, infiated head 
globose, verruculose, about 41 to 48 y. in diam., conidia elliptic, smooth, 
13-5 to 16 X 6*5 to 10’8 y. 

Habit Buffalo, Goat and Horse dung. 

26. Arthrobotrijs si(,perba. (Goiddb, Sacc. Syll. Fung. IV, 181, (1886), 
Snow-white, glistening, densely gregarious and effused or more or 

less scattered; fertile hypheae erect, up to 1/4 to 3/4 mm. high, simple, 
septate, smooth, 4 to 5 y in diam., delicate, bearing in the upper part 
1 to many superposed whorls of conidia ; conidia arising from minute 
blunt teeth on slight swellings of the conidiophore, crowded, one 
septate, obovate, or oblong, lower cells usually the smaller, terminating 
below into a minute point, 16 to 20 x 6-7 to 10.8 y, smooth, hyaline. 
Habit Babbit dung. 

27. Stysanus stemoniUs. (Pers.), Corda, Saco. Syll. Fung, IV, 621 

(1886). 

Stem scattered or more or less gregarious, simple, 1 to 1*3 mm* 
high straight or slightly liexuose, head subcylindrical or lanceolate, at 
first pale, becoming dark with age; conidia in long chains, ovoid to 
elliptic, smooth,, 3‘1 to 3*6 X 2 5 y. 

Habit: — Babbit and Sheep dung. 

28. TomU , (Pers.), Die. Mikro. Pilze. p. 202. 

Fig. 231, p. 192. ■ 
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Fertile, hypbae prostrata, pure white spreading, branched,' branches 
bearing conidia in heads; heads globose; conidia .compact, 27 /a 
across ; conidia irregularly globose, minute, 6*2 in diam. (mean)* 

Habit : — Rabbit dung. 

29. Isthfia hr.ichiata, (Batsch.), Schum., Engl. A. Prant., K. Teil, 2. 1 
ABT., p. 490, 491. 

Coremium cylindrical, erect, gregarious, white, simple, sometimes 
bi' tri- or tetra-fid near the apex, one to 1«2 cm. in height, •d to *8 mm. 
in thickness. Conidia bearing hypheae arising from the sides, w^ooly ; 
conidia numerous, oval, hyaline, smooth, 8-1 to 8*7 /x in length, 1*5 to 
2.5 /A in -width. 

Habit: — Sheep dung. 

IjAhohe, 

9th Sepiembm’i 1932* 


Explanation of Plates. (Reduced to l/8rd.) 
Plate I. 

1. Pilobolus crystallinus (Wigg.). 

(a) sporangiophore ; (b) spores. 

2. Pilobolus longipss (Van Tiegh.). 

{a) sporangiophore ; (b) spores. 

8. Pilobolus minutus (Speg.). 

(a) sporangiophore ; (b) spores. 

4. Magnusia nitida (Sacc.). 

(a) Perithecium ; (6) appendage ; (o) ascus. 

5. Myxotrichum charatum (Kunx.), 

(a) glomerulus ; (5) appendage ; (c) ascus. 

6. Myxotrichum aeruginosum (Mont.) 

(a) glomerulus ; {b) appendage ; (c) ascus. 

7. Sordaria macrospora (Auersw.). 

(a) perithecia ; (6) ascus. 

8. Sordaria curvula (de Baiy). 

(a) perithecia ; (b) ascus ; (c) spores. 


Plate II. 

9. Chaetomium spirale (Zopf.). 

(a) perithecium ; (6) appendage; (c) spores. 

10. Ascobolus viridis (Curr.). 

(a) apothecia ; (b) ascus ami .paraphysis. 
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. 11. Sporomiclla nigropurpurea (EIL & Eyerh,) 

(a) peritheoiar (5) ascns. 

12. Pezolepis (Syd.) Sp. 

(a) apothecia; {b) ascus ; (c) paraphysis. 

13. Lasiobolushirtisllus (Karst)., 

(a) apothecium ; (b) ascus. 

14. Coprinusephemerus.CFr.)., 

15. Coprihiis liiveus (Fr.). . 

(a) whole plant ; (5) basidiiini witli spoi' v^s. 

16. Coprimis pappilatus (Batscli), Fr. 

(a) whole plant; (b) basidium with spores. 

17. Coprinus radiatus (Fr.). 

(a) whole plant ; (b) spores. 

18. Bolbitus vitellinus. (Pars). 

(a) whole plant; (b) spores. 

19. Arthrobotrys superba (Corda). 

20. Oedocephalum glomerulosum (Bull.). 
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OBSERVATIONS ON THE BIOLOGY AND 
PHYSIOLOGICAL ANATOMY OF SOME INDIAN 
HALOPHYTES 

BY 

I), I\ Mullan, 

Si. Xaviefs College, Bomhay. 

{Continued froju page 299 of VoL Xf No. 4) 

Paet II. 


Psammophilous Halophytes 

]\Iost of the plants described in this part are inhabitants of 
the sandy shore. As Sehimper (8) remarks, the chief difficulties 
against which the psammophiloiis haloph^des have to contend are : 
in fixing* to a loose substratum,* in obtaining w-ater,* and against 
tlie force of the sea ^Yind. The plants of the sandy shore are 
annuals or perennials wdth mostly creeping or stunted stems and 
long roots. Some of the plants also occur inland as mesophytes, 
but the sand forms differ considerably in their configuration and 
structure from the inland forms. 

Corchorus acufcangulus» Lam. (Tiliaceae). 

Among the sand plants the Tiliaceae has a representative in 
Corchorus aetifamguhiSy Lam. (C. aestuans. Linn.). The plant is 
found growing both on the sands of the sea-shore and farther 
inland. The halophytic form (Fig. 104) shows a typical instance 
of dAvarfing of the aerial parts; Avhile the inland form (Pig. 105) 
sliOAvs luxuriant growTh. 

In the stem of the halox3hytie form, the cuticle is Avell devel- 
oped and is coated Avith AA^ax. The outer surface of the stem is 
covered Avith thick-Avalled, unicellular triehomes, each being insert- 
ed in a socket formed by the epidermal cells Avhicli, as a rule, hold 
tannin (Fig. 106). The outer cortex acts as the photosynthetic 
tissue. Large mucilage cavities are present in the cortex and the 
pith, being more numerous in the young parts (Pig. 107). A 
characteristic feature of the stele is the dilatation of some of the 
medullary ra^^s at the cambial boundary (Pig. 108). The dilated 
part is composed of tangentially-elongated, thin-Avalled cells. As 
a rule, tannin is present in the outer cells making them appear like 
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a dark band on the top of each dilated part (Pig. 109). Except 
for the presence of a few starch grains, the cells of the dilated 
part are clear. The phloem appears stratified owing to the occur- 
rence of secondary bast fibres. Tannin and aggregate crystals of 
oxalate of lime occur in: the epidermis, the cortex and the pith. 
The latter, in the old parts, is full of starch. Cork arises superfi- 
cially in the stem and root. 

Clothing hairs, similar to those of the stem, occur on the 
petiole, being more numerous on the adaxial surface. Unicellular 
trichomes are scattered on both surfaces of the leaf, being mainly 
confined to the region of the veins. The lower surface bears 
glandular hairs (Pig. 110). Stomata occur on both surfaces, be- 
ing 75 per sq. mm. on the upper, and about 270 on the lower. The 
apparent increase in the number of the stomata is due to the re- 
duction of the leaf surface. Both in surface extent (Pig. Ill) 
and in depth (Pig. 113) the cells of the upper epidermis are more 
extensively developed than those of the lower (Pig. 112) and 
evidently act as water-reservoirs (6). In a lamina 0.15 mm. 
thick, the upper epidermis occupies 0.04 mm. The cuticle is 
thickly developed on both surfaces. The leaf is bifacial. Oil 
occurs in the mesophyll, being mainly confined to the palisade 
cells. Each minor vein is surrounded by a sheath of large, clear 
cells which run from epidermis to epidermis (Pig. 113). The 
uppermost cells of the sheath hold aggregate crystals, which thus 
occur in a row alongside the veins. . Mucilage cavities occur in 
the petiole and in the region of the midrib and vary in number. 
(Pig. 114). 

The anatomical structure of the plant growing inland shows 
some typical mesophytic characteristics. Thus in the stem, the 
chloroi:)hyll tissue, the soft bast and the bast fibres are abundantly 
developed. The primary rays dilate only in the old parts and the 
cells hold starch. Tannin is mostly absent. The leaves of the 
mesophytic form are thin and show a well-developed chlorophyll 
tissue. The cells of the upper epidermis are less deep and the 
cuticle is less thickly developed (Pig. 115), A characteristic 
change, induced evidently by the mesophytic conditions, is to be 
seen in the lower epidermis. In the halophytic form, the lower 
epidermis appears, in surface view, to be composed of polygonal 
cells with straight walls (Pig. 112) . Under mesophytic conditions, 
the cells are enlarged in surface extent and have irregularly wavy 
walls (Pig. 116). The trichomes are fewer in number. In the 
root, the secondary xylem is more porous 
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Spermacoce hispida, Linn. (Rubiaceae). 

Spermacoce hkpiday Linn, is an annual herb growing both on 
the sea-shore and farther inland. The maritime forms are typic- 
ally stunted in appearance, unbranehed and have small leaves 
which are crowded together 5 while the inland forms are more luxu- 
riantly developed. 

In the stem of the halophytic form, the cuticle is well devel- 
oped; its outer surface appears rough being coated with minute 
v/art-like or stellate bodies (Fig. 117). In the young parts, tri- 
chomes occur all over the stem, but in the older parts, they are 
confined to the four angles of the quadrangular stem (Fig. 120). 
Stomata, with thick outer cuticular ridges, occur on the stem and 
are accompanied by subsidiary cells j)laced jjarallei to the pore 
(Fig. 117). The outer cortical cells act as the photosyiithetic 
tissue. Oxalate of lime, in the form of raphides, aggregate crys- 
tals or irregular pieces, occur in the cortex and the pith. Tannin 
sacs are scattered in : the cortex, the secondary bast and the pith. 
At the base of each of the four ridges there occurs a clear cavity 
(c) which is surrounded by cells holding tannin. (Fig. 120). 
On the inner face of the xylem, at two opposite points, groups of 
pith cells get sparsely pitted and feebly lignified. The basal part 
of the stem is full of starch which occurs in the cortex, the medul- 
lary rays and especially in the pith. 

In the leaf, the cuticle is well developed on the upper sur- 
face. Thick-'walled trichomes cover both surfaces, being unicellu- 
lar on the upper and uniseriate on the lower. Stomata occur on 
both surfaces, being 75 per sq. mm. on the upper (Fig. 121 ) and 
125 on the lower (Fig. 122). The guard cells are accompanied by 
subsidiary cells, placed parallel to the pore, and have prominent 
outer cuticular xudges. The upper epidermis is composed of deep 
cells and seems to act as the aqueous tissue of the leaf ( 6 ). The 
lamina is 0,30 mm, thick, the upper epidermis being 0.06 mm. The 
leaf is bifacial (Fig. 123). Tannin and oil occur in the mesophyll 
cells. Idioblasts, holding raphidCfS, are insinuated among the 
palisade cells. Crystal cells, each holding an aggregate crystal of 
oxalate of lime, occur below the first layer of palisade cells and run 
in a row parallel to the leaf surface. The smaller veins are 
ensheathed in a layer of clear cells. The ex>idermal cell, lying in 
the groove on the upper surface of the midrib, gets much enlarged 
ancl adds to the Avater-sto capacity of the upper epidermis. 
At the inai^gin of the leaf the epidermal cells dilate considerably 
aud form tliiok-Avalled marginal teetli with wide luniina (Fig. 124). 
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TIic aHatomical stmctnre of the meBOphytic form differs in 
several respects. The ridges of the quadrangular stem are more 
prominently developed. Increased assimilatory activity is shown 
by the presence of chioroplasts in the cortex and by the fuller 
development of secondary soft bast. Tanniniferous cells are fewer 
in number. The upper epidermis of the leaf is less deep. A 
striking feature of the upper epidermis of plants living in shade 
is the peculiar thickening of the outer walls. In surface view, 
nearly all the cells are seen to bear at the centre a refractive body; 
in a cross section, these bodies are seen to be circumscribed areas 
of the outer walls which protrude in the form of plugs (Fig. 125). 
The latter are strongly developed in individuals living in shade, 
while in the halophytic forms they are absent. These bodies resem- 
ble the condensing portions of light-perceiving epidermal cells 
described by Haberlandt (3) who remarks: ^dt is more particular- 
ly those leaves which are constantly exposed to feeble illumination 
that stand in need of an upper epidermis wdth a well developed, 
power of light perception.’' As previously noted, in S. Impida^ 
it is only in individuals living in shade that the light-condensing 
apparatus is developed. 

Launaea pinnatifiday Cass. (Compositae). 

Launaea pinmatificla, Gass, is a perennial glabrous herb which 
thrives on the sandy sea-shore. In exposed situations by the sea, 
the plant shows the typical xerophytic characteristics; while in 
inland forms, these characteristics get mostly modified. In order 
to note the changes that may be induced under mesophy tic condi- 
tions, specimens w^ere taken from the sea-shore and planted in 
ordinary garden soil. After a period of nearly seven months, the 
specimens w^ere removed for examination. Fig. 126 shows a typical 
Imlophytie form, while Fig. 127 shows the specimen grown under 
mesophy tic conditions — both being photographed during the same 
dry season. The first peculiarity that strikes the eye is the great 
length of the roots in the halopli}q;ic form as compared wdth that 
Iff the mesophytic one. The former bears small thickish, glaucous 
leaves; while those of the inland form, are fully-developed; thin 
and bright green. 

In the halophytic form, the stem has a thick cuticle which is 
coated with wax. The epidermis and the outer cortical cells on 
the exposed side of the prostrate stem, hold anthocyanin. Stomata, 
with prominent outer cuticular ridges, occur on the stem and are 
sunk in pits. The latter are deeper on the exposed side of tlie 
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stem (Pig. 128) tliaE oe the side which is in contact with the soil 
(Fig. 129). Granules of was overlie the guard cells ixpto the 
entry of the slit, thus plugging the outer opening. A epmpaxison 
of Figs. 128 and 129 brings out the fact that the epidermal cells 
surrounding the stoma are deeper and the cuticle more thickly 
developed on the exposed side of the stem. The epidermis is 
ihiiowed by a 1-2 layered hypoderinis which is composed of thick- 
trailed, clear cells. The outer cortex is differentiated as the photo- 
synthetic tissue and consists of palisade parenclijmia (Pig. 130). 
The palisade-like disposition of the cortical cells is confined mainly 
to the exposed side of the prostrate stem. Goebel (2) has shown 
that the shoot-axis whose leaves are few, or removed, has a palisade 
parenchyma niiicli more developed; thus exhibiting an analogy 
with phylloclades. Sclerenchymatous elements, with wide lumina, 
occur in isolated groups in the cortex. In the old parts, the xylem 
masses get furrowed on their outer faces. In alcohol-preserved 
inaterial all the x^^'lem elements (the vessels as well as the pareii- 
ehyma) are seen to liold small inulin crystals, the latter being 
larger and more numerous at the nodes. Oil occurs in: the cortex, 
the medullary rays and the pith. The outer pith cells get lignified. 
Hanstein (5) and others have demonstrated an anomaly in the 
form of medullary phloem bundles and vascular bundles in the 
CAchoriaoeae. In L. pinyiatifida intraxylary phloem is present. 
Cork cambium arises subepidermally, in strips, on the exposed 
side, and leads to the formation of wound-cork. The structure and 
origin of the laticiferous tubes in the CicJioriaceae have been inves- 
tigated by de Bary (1), Van Tiegliem (10) and othex's. In L. 
pinnatifiday the laticiferous tubes are confined to the outermost 
layer of the perieycle. In a cross section, the tubes occur in iso- 
lated groups forming arcs around the soft bast of each bundle. 
These constitute the main tubes, while similar, but smaller, elements 
are also scattered in the bast portion of the bundle. In a longi- 
tudinal section, the main tubes are seen to run parallel to the 
endodermis, giving out branches at intervals, but only towards the 
soft bast. Prom this it appears that the smaller tubes which, in 
a cross section, are seen to occur in the soft bast are the lateral 
branches of the main vessels. According to Habeiiandt (3) and 
others, laticiferous tubes are eondueting channels, while Warming 
(11) suggests that since they are mostly present in plants of hot, 
dry countries, one of their functions may be the protection of the 
plants against desiccation. 
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Ill the leaf, the cuticle -is well developed and the outer surface 
is coated with wax. Tannin and oil occui' especially in the upper 
epidermiH. Stomata are equally abundant on both surfaces (Figs. 
131, 132), being 125-150 per sq. inm. They are sunk in pits, the 
depression being more pronounced on the upper (Pig. 133) than 
on the lower surface (Fig. 134). The upper epidermis consists of 
deep cells (being 0.03 mm. in a leaf 0.45 mm. thick) and seems to 
act as the aqueous tissue (6). The leaf is bifacial. Starch is 
meagrely developed and oil occurs in the mesophyll cells. Latici- 
ferous tubes follow the same course in the midrib and in the minor 
veins of the leaf as in the stem. In surface view, the major tubes 
are seen to branch out in all directions, the branches following 
closely the minor veins. After the monsoon, the old leaves turn 
yellow and become fleshy, attaining a thickness more than twice 
that of the functional leaves, and act as water-reservoirs (6). 

The characteristic laticif erous tubes are also present in the 
root and occur in isolated groups among the sieve tubes. The 
medullary rays are prominently developed. The endodermis is 
composed of large cells with suberised walls. Crystal sand and 
oil occur in the cortex of the young parts. During the resting 
season especially, the tissues of the root get full of inulin which is 
seen to occur even in the xylem elements. In alcohol-preserved 
material the vessels are seen to be completely filled up •with inulin 
crystals (Fig. 135), Owing to secondary growth there is a great 
development in the bast region, as a result of which the sieve 
tubes, with the latieiferous vessels, appear to be arranged more or 
less radially, being separated by the dilated parts of the medullary 
rays and the conjunctive tissue. Many of the sphaerites are seen 
to be deposited in the cells which are arranged around the smaller 
groups of latieiferous tubes (Fig. 136). In the tap root, very 
little inulin is present in the xylem elements, but it appears abun- 
dantly in the conjuntive tissue (Fig. 137). Cork arises in the 
perieycle. The tap root seems to act mainly as the storage organ 
f on. inulin and attains a diameter of 5-6 mm. The presence of 
inulin seems to explain the meagre development of starch in the 
leaves.: ^ , ■ 

Injhe mesophytic form, the outer cortical cells do not assume 
the palisade-like form on the exposed side of . the stem (Fig. 138). 
The ehloroplasts are large and are arranged around the walls of 
the cortical cells. The respiratory cavities are wide. Oil and 
stone cells are rare and the conducting tissue is more fully devel- 
oped. The cmticle of the l^hf - is feebly developed 
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coating is lacking. The guard cells hold large chloroplasts with 
included starch. The lower epidermis shows the typical mesophy- 
tic modification and consists of comparatively large cells with wavy 
lateral walls (Pig. 139). The mesophyll cells are full of large 
chloroplasts with included starch ; while oil and tannin are meagre- 
ly developed (Fig. 140). The spongy tissue is typical of a iiieso- 
phyte, having wide intercellular spaces (Pig. 141). The lamina 
is thin, being half as thick as that of the halophytic fonn. The 
old leaves do not become thick and succulent (6). The roots re- 
main thin, the tap root attaining a diameter of about 1.4 mni. 
Conjunctive tissue is feebly developed and inulin is not stored 
op under mesophytic conditions. 

Scaevola Lobelia, Murr. (Goode niaceae). 

Seaevola Lohelm Murr. {S, Plumieri^ Yalil.) is a small, shrub- 
by, glabrous plant with decumbent branches which root at the 
nodes. The plant spreads slowly along the sands giving rise to a 
sand-binding formation (Pig. 142). The thick,. fleshy leaves arise 
close together at the end of the branches and assume a profile 
lie (Pig. 143). 

In the stem, the cuticle is thickly developed. The outer sur- 
face of the epidermis, as well as the lateral walls, are coated with 
peculiar rod-shaped bodies of a waxy nature. The stomata are 
depressed and the outer cnticular ridges are thick and closely 
approximated (Fig. 144). The hypodermis acts as the photosyn- 
thetic tissue. At times, the intercellular spaces of the cortex hold 
mucilage. The cortical cells are feebly pitted and hold a few 
chloroplasts and oil. Towards the base of the stem, the cortical 
cells get tangentially stretched and show secondary division walls 
(Pig. 145) . In the old parts, the pith gets pitted and lignifi.ed 
and the cells hold starch and oil. Aggregate crystals of oxalate 
of lime occur in the cortex and the pith. Cork arises subepider- 
mally and leads to the formation of lentieels at the basal part of 
the stem. 

The petiole repeats the general structure of the ste)u. At 
each side of the petiole, a mucilage cavity occurs in the cortex. 
The lamina is covered with wax. Solereder (9) has noted the 
presence of shortly-stalked, peltate glands. The number of the 
cells composing the shield of the gland varies from 4^8 (Pig. 146). 
The glands occur on both surfaces and are raised above the gener- 
al leaf surface. They soon fall off and are mostly to be found on 
young leaYes, The cuticle is thickly developed ^n the le^f shows 
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typical seropliytic cliax^acteristics. Stomata are equally abundant 
on both surfaces (Pigs. 147, 148), being about 100 per sq. mm. 
They are depressed and the outer cuticiilar ridges are very thick 
and closely approximated (Pig. 149). The leaf structoe is iso- 
lateral and consists of a hollow cylinder of palisade cells holding 
a prominently develoi^ed aqueous tissue. Starch is mostly absent 
in the leaf. The lamina is 1.8 mm. thick, the aqueous tissue occu- 
pying 0.97 inni. The aqueous tissue is composed of large thin-walled 
parenchymatous cells wdiich, in the mature leaves, get elongated in 
the same manner as the palisade cells (Pig. 150). Except for a 
few minute aggregate crystals, the cells are mostly dear. Groups 
of enlarged and pitted terminal tracheides occur among the cells 
of the aqueous tissue. During the monsoon, the old leaves get 
very thick and store water as reserve material (6). 

Ill the root, the narrow pith gets pitted and lignified. The 
eiidoderinis consists of clear cells with suberised W’alls. The corti- 
cal cells are feebly pitted and in the old parts, get tangentially 
stretched and show secondary division walls. Oil is present in' 
tJie cortex and medullary rays ; while inulin occurs especially iu 
the outer cortical cells. Cork starts superficially but later, cuts 
deeper into the cortex. 

Ipomoea pes«caprae. Sweet. (Convolvulaceae). 

Ipomoea pes-capme, Sweet. (I. hiloMi Porsk.) is, according 
to Schimper (8), the most widely spread plant of the sandy sea- 
shore. In exposed situations, the leathery leaves present the mar- 
gin to the sky by bringing the tw*o lobes together (Fig. 151) ; wiiile 
in shady situations the lobes expand a little. Seedlings were col- 
lected from the sea-shore and cultivated in ordinary soil, under 
mesophytic conditions, for nine months. The mesophytie form 
(Pig. 152) is weak having a very slender stem and small thin 
leaves. The lobes of the lamina are fully expanded, presenting 
the upper surface to the sky. The roots of the maritime form are 
typical of sand plants and attain a great length even in the seed- 
ling stage (Pig. 153). The rapid development of the root not 
only helps the seedling in reaching w^ater, but also fixes it firmly 
to the sands and prevents it from being w^ashed away by the 
rising tides. 

The herbaceous stem is covered by a thick euticle wfith a coat- 
ing of wax. Stomata are more or less even with the surface and the 
outer cuticiilar ridges are thickly developed (Pig. 154). The 
stomata are accompanied by subsidiai^ cells placed paraH^^^^ the 
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pore. -Tannin occurs in tlie . epidermal and subsidiary cells. D(‘- 

pressed glandular liairs are present on the stem (7). Tlie cortex 
consists of tliree zones, vk: the outermost asssiinilatoiy tissue, the 
collenehyma and the parenchyma respectively (Fig. 154). Antho- 
cyanin occurs in the - first layer of the chlorenehyma and is mainly 
confined to the exposed sides of the stem. Vertical rows of crystal 
cells, each holding an aggregate crystal of oxalate of lime, occur 
ill the cortex. Hallier (4) has noted the presence of a wdiitish sap 
in the axes of all the higher' Convolinilaceae. In 1. pes-cciprae, 
both the eollenchymatons and parenchymatous zones of the cortex 
are traversed by vertical roivs of thin-wailed cells v’hicli hold the 
milky --white sap (Pigs. 155, 156). Hallier (4) has also noted the 
occurrence of starch in the wliite sap of 7. purpurea, Lam. In 
I, pes-caiprae, the milky sap is seen to he made up of at least twx) 
substances : a clear ground substa'iice, wbieh seems to be mainly 
mucilage, and large globules of oil (Pig;. 156). The endodermis, 
in the young stem, holds chloroplasts. Islands of intraxylary 
phloem occur in the stem, each group being supported on its inner 
face by bast fibres. Tlie first annual ring is normal but the seconcl 
ring is not nniformly laid clown. At first, only ares of the second 
annual ring are formed, giving the xyleni a lobecl appearance. 
The xylem of the second ring is characterised by having wood 
parenchyma wdth wide luminae, the maximum diameter being 0.2 
nmi. In the old parts^ these wide elements are filled up with thy- 
loses, holding prominent nuclei and a few starch grains (Pig. 157). 
The medullary rays hold ehloroplasts and starch. Secretory cells, 
holding the wiiite sap, occur in the pith (Pig. 158). In the mature 
parts, the pith is fully loaded with large compound starch grains. 
Vertical rows of crystal cells, each holding an aggregate crystal 
of oxalate of linie, occur in the cortex and the pith. Cork devel- 
ops subepidermally and lentieels are abundant on the basal part 
of the stem. A peculiarity of the basal part is that it is able to 
float ill W'ater, ovring to the presence of lysigeiiously-formed air 
spaces. 

In the petiole, the stomata are confined to the sides and secre- 
tory cells occur in the cortex. In the lamina, the lower epidermis 
is composed of large and deep cells. The cuticle is w^ell developed 
and is coated ■with ivax, both being more prominently developed on 
the lower surface which, owing to the approximation of the lobes, 
is the more exposed surface. Tannin occurs in the epidermis and 
is especially located in the cells of the margin. Depressed glan- 
dular hairs are to be found on both >surfaces of the leaf (7), 

39 — 7 ', 
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Stomata occur on both surfaces (Figs. 159, 160), being 100 per 
sq. mill, on the upper and 75 on the lower surface. The occurrence 
of more stomata on the upper surface seems to be correlated w-ith 
the fact that the leaf, by its position, exposes the lower surface 
and brings the upper into comparative shade. Subsidiary cells 
are placed parallel to the pore. The stomata are more or less even 
with the surface and the outer cuticular ridges are thickly devel- 
oped (Fig. 161). The leaf structure is isolateral. The palisade 
tissue forms a hollow cylinder which is filled up by a clear, medul- 
lary, aqueous tissue. The latter is composed of large, thin-walied 
ceils, most of tlieiii being elongated in the direction of the veins. 
The leaf is thicker towards the margin. In a lamina 0.6 mm. 
thick, the aqueous tissue occupies 0.3 mm. (6). Secretory cells, 
similar to those of the stem, occur in the aqueous tissue. Towards 
the lower surface (Fig. 162) the palisade cells are, as a rule, 
shorter and broader than those of the upper surface (Fig. 161). 
Bows of crystal cells occur in the neighbourhood of the veins and 
some also occur among the lower palisade cells. During the mom 
soon, the leaves are more fully developed and the lamina gets 1.1 
mm. thick, the thickness being mainly due to the dilatation of the 
aqueous tissue (6). 

In the root, secretory elements, similar to those of the stem, 
oeciir in the primary and secondary phloem and in the conjunct- 
ive tissue. A prominent feature of the inner cortex is the devel- 
opment of large air spaces separated by pluriseriate bridges. The 
spaces are lysigenous in origin and arise, as a rule, opposite each 
of the four primary phloem bundles. Thus the primary root of 
.the seedling shows at first four air spaces. The primary root has 
a tendency to dilate at the distal end (Fig. 153) ; the dilatation is 
seen to be due to the expansion of the air spaces and to an increase 
in size and number of the cortical cells (Fig. 163). xAs the seed- 
lings were found growing between tide marks, they must be getting 
submerged periodically. As is seen in Part I, the development 
of a lacunar cortex is a characteristic of the roots of plants which 
are submerged periodically. The medullary rays hold starch, oil 
and aggregate crystals. Cork arises at fii*st superficially but later 
cuts deeper into the cortex^so that in the old parts, the w^hole 
cortex gets peeled off, the root then acting mainly as a storage 
organ for starcli. Lenticels arise at the proximal ends of old roots. 

Ill the plant grown under mesopliytic conditions, the stem is 
uniformly green, anthoeyanin being absent. Tanniu is not present 
in the epidermal cells of the leaves and the ivaxy coating is poorly 
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developed. The glandular hairs of the stem and leaf have meagre 
eontents (7). Chlorenehyma is fully developed and the aggregate 
crystals are more numerous. In the leaf, the cells of the lower 
epidermis show somewhat wavy walls (Pig. 164). The palisade 
tissue on the upper side is typical (Pig. 165), but towards the 
lower surface, the cells are broad and loosely arranged (Pig. 166). 
The aqueous tissue is poorly developed, and the lamina is only 
0.3-"0.4 mm. thick (6). Air spaces are present in the root, show- 
ing, as in A, ilicifolmsy that the lacunar cortex is a congenital 
structure. The secretory cells of the stem, leaf and root are 
present but are devoid of contents. 

Neuracanthuft sphaerostachys, Palz. (Acanthaceae). 

The Acanthaceae is represented among the psammophilous 
halophytes by Neuracanthus splmerostachys, Dalz. The shoot of 
the typical halophytic form is stunted, the stems and ]eaves form- 
ing a compact cushion-like growth ; while the plants living a short 
distance from the sea and in shade, show a more luxuriant growth 
(Pig. 167). After the monsoon, the aerial parts dry up, but the 
plant remains dormant and, in the next rainy season, sprouts up 
again. An examination of the plant during the dry season, reveals 
the presence of bud-like bodies at the surface of the soil. These 
are of the nature of hibernating organs and are very efficiently 
protected by dry hairy scales (Pig. 168). The buds remain dor- 
mant throughout the dry season and sprout on the advent of the 
monsoon. 

The epidermis of the young stem is composed of tliiek-walled 
cells of various shapes, some of them holding oblique cystolitlis 
(Pig. 169). The latter are sunk below the general outer surface. 
The stem is covered with uniseriate trichomes (Pig. 170). The 
epidermis is followed by a 3-4- layered liypodermis, interrupted 
by small groups of comparatively thin- walled cells forming a 
chlorenehyma (Pig. 171). The latter occur only in the young 
parts and are confined to the four corners of the obtusely quadran- 
gular stem. Solerder (9) has noted the presence of inter- and 
in traxylary phloem. The pith is pitted and lignified. Acicular 
crystals occur in the pith and some of the outer cells hold cys- 
lollths. 

In the leaf, eystoliths occur on both surfaces and are disposed 
mainly around the veins. Each cystolith lies in a cell of a form 
similar to itself (Fig. 172). Glandular hairs (7) and uniseriate 
trichomes occur on the lower surface (Pig, 173). Stomata are 
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confined to the under surface of the leaf and are about 425 per 
sq. mill., while they are nearly half the number in the expanded 
leawes of the plants Jiving in the shade — the apparent greater 
number in the former being due to the reduction of the leaf sur- 
face. The guard cells are accompanied hy subsidiary cells placed 
transversely to the pore (Pig. 172). In a cross section, the upper 
epidermis forms a prominent feature, being composed of deep, 
clear cells which evidently act as the aqueous tissue (6). The 
lamina is 0.27 mm. thick, the upper epidermis being 0.06 mm. 
The leaf is bifacial and palisade cells hold oil (Pig. 174). 

Long and persistent root hairs clothe the greater part of the 
root. The cortex is supported hy short selerenchymatous cells. 
An anomaty, in the form of iiitraxylary pliloem, occurs among the 
secondaiw xylem. The pith is pitted and lignified. 

The internal structure of the plants growing in shade do not 
show any marked change except that the ehlorenehyma is more 
fully developed and starch is abundantly present. In the root, the 
aeicular crystals and eystoliths are more numerous. 

lieridagatMs trinervis, Nees. (Acanthaceae). 

Lepidagathis Nees. is another member of the Acan- 

thaeeae which grows on the sandy sea -shore. After fruiting, the 
aerial shoot dies down but the capsules remain fixed to the soil 
Throughout the dry season, the fruits and seeds remain efficiently 
protected by the diy bracts and bracteoles. On the advent of 
the monsoon, the seeds germinate in the (now moist) bracts 
and produce new plants around the withered remains of the bracts 
of the last generation. 

The prostrate branches are quadrangular, the angles being 
produced into wings (Pig. 175). The epidermal cells are vertical™ 
ly elongated and are deep and clear. Cystoliths occur in some 
cells and are, as a rule, more numerous on the shorter sides of the 
branch. The epidermis is followed by 3-4 layers of collenchjuna 
which is succeeded by a parenchymatous cortex. Eod-shaped 
eiystals of oxalate of lime occur in tlie cortex and the pith. The 
distal end of the wings are stiffened by eollencliyma, while the 
proximal parts act as the photosynthetie- (Pig. 176). Thus 

the ehlorenehyma is confined to the four eornors of the quadrangu- 
lar branches (Pig. 175). The stomata occur in the region of the 
ehlorenehyma. The giiard cells have veiw tM w^alls and the 
outer cuticular ridges are prominently developed (Pig. 177). 
Solereder (9) has noted the oecurrenee of inter- and iiitraxylary 
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phloem m: L. cuspidata, Nees., L, prostrala, Dalz, and L. tmni- 
naUs^ Hochst. Such an anomaly is also found in L. trinervk^ 
Nees. 

The leaves are small; the two halves of each lamina approxi- 
mate, thus presenting the margin to the sky. Depressed glandular 
hairs, resembling those of the previous plants, occur on both sur^ 
faces of the leaf (Pigs. 178, 179). Each gland (Fig. 180) 
consists of a short stalk-cell and a rounded head which is divided 
by vertical avails into 4-8 cells. The upper epidermis consists of 
deep, clear cells which seem to act as the main aq[ueous tissue. 
The lamina is 0.19 mm. thick, the upper epidermis occupying 0.04 
mm. Stomata occur on both surfaces of the reduced leaves, being 
175 per sq. mm. on the upper and 275 on. the lower. The guard 
cells are accompanied by small subsidiary cells, placed parallel 
to the pore, and have thick walls with well-developed outer cuti- 
cular ridges. (Fig. 181). Spindle-shaped cystoliths lie in cells of 
forms similar to themselves, their greatest diameter running 
parallel to the surface of the leaf (Fig. 182). The leaf is bifacial 
and possesses strongly develoi:)ed marginal teeth (Fig. 183). 

Cierodendron inerme, Gaertn, (Verbenaceae). 

Clerodendron inerme^ Gaertn. is a straggling shrub which is 
often 'found along with the mangroves on the verge of high-water 
mark where its roots are washed by. the rising tides. It thrives 
equally on wet or dry saline soil, as well as under niesophytic con- 
ditions. A plant was taken from the sea-shore and cultivated 
under mesophytic conditions for ten months. Pigs. 184 and 185 
are photographs (taken in the dry sea.son) of the halophytic and 
mesophytic forms respectively. In the halophytic form, the small, 
thick leaves arrange themselves on one side of the branch, thus 
assuming a profile position. In the mesophytic form, the leaves 
are broad and thin and, standing wide apart, present their full 
upper surface to the light. 

The young stem of the halophytic form has a thick cuticle 
which is coated with wax. Anthocyanhi occurs in the epidermis 
of the exposed part. Oxalate of lime occurs in the epidermis and 
the forms of crystals are very diverse, being simple, aggregate, rod- 
shaped, etc. Unicellular and uiiiseriate trichomes (Pig^ 186), as 
v;ell as glandular hairs (Fig. 187), occur on the stem. The 
hypodermis consists of 1-2 layers of more or less collenchymatous 
cells with wide luinina. Except for a few starch grains, the 
}j%q)odermis is clear and is suppoi’ted by vertically flongatedt 
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lignilied cells. The latter oeeiu* singly in the young parts but, in 
the old parts, they form small isolated groups. Chloroplasts occur 
in the primary cortex. The primary medullary rays and the, pith 
are eoiiiposed of thick-walled, pitted and lignified cells, holding 
starch grains. The phellogen layer arises below the hypodermis 
(Pig. 188) and the cork is composed of. lignified, phelloid cells. 
In the ease of plants living on the verge of high-water mark, the 
lower part of the stem bears prominent lenticels and develops a 
lacunar secondary cortex which is supported by groups of stone 
cells. : 

In the petiole, the liypodermal and cortical cells towards the 
abaxial side are especially enlarged and seem to act as the aqueous 
tissue. The stomata, and chlorenchyma are confined to the sides 
(Pig. 189). Simple crystals of oxalate of lime occur in the upper 
epidermis of the leaf. The cuticle is well developed and -the outer 
surface is coated with wax. Depressed glandular hairs (Pig. 190) 
oceiir on both surfaces, being more numerous on the lower (7). 
Stomata are very rare on the upper epidermis (Pig^ 191), while 
on the lower surface (Pig. 192) they are about 125 per sq, mm. 
The stomata are even vdth the surface and the outer ciiticiilar 
ridges are well developed and closely approximated (Pig. 194). 
The upper epidermis is deex) and seem to. act as the aqueous tissue, 
being 0.03 mm. in a leaf 0.48 mm. thick (6). The leaf structure 
is bifacial (Pigs. 193, 194). Oil occurs in the mesophjll, being, 
more prominent in the spongy tissue. Trichomes, which 
mostly absent on the leaf, are confined to the region of . the main 
vein, being more nnnierous on the upper surface.- At . the end of 
the monsoon, the old leaves get thick and succulent,, being,, nearly 
thrice as thick as the functional leaves. Such leaves are., pale 
yellow in colour and act mainly as water-reserv.oii’s. (6) . , , . ■ ' , . ; 

In the root, the primary cortex is lacunar and resembles some- 
what that of the mangroves. In the case of . . individuals whose 
roots are w’^ashed by the tides, the outer cortical cells have, a.teai- 
deney to form lysigenous eavities. In the young roots, the inner 
cortical cells are in an active state of division. A^ growth pro- 
ceeds, the cells become irregular in outline, with the consequence 
that the intercellular spaces increase in size. Thus the cortical 
lacunae are both of schizogenous and lysigenous origin (Pig. 19.5) . 
The main lacunae are %vide and radially placed. In its lacuiiar 
cortex, C. merme shows its affinity with the plants living in the 
salt swamp. ^ As in Acanthus ilimfolius, the lacunar cortex seems 
to be-a congehital str it persists even in individuals 
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vvliicli live ill well-'draiiied soil. The mecluliarj rays and the pith 
are pitted and . lignified. The phellogen arises in the perieycle and 
cork is composed of more or less ligmifled; phelloid cells as in the 
niangTOvesi. 

In the mesophytic form, photosynthetic activity is more 
vigorous and the cortex is fiiil of chloroplasts with included starch; 
The pith is not lignified throughout. In the leaf, the cuticle and 
the waxy coating are poorly developed and the glands are mostly 
devoid of contents (7). The lower epidermis, in surface mew, is 
no longer composed of small cells with straight walls (Pig. 192), 
but consists of large cells with irregularly wavy wails (Pig. 196). 
The lamina is thinner than that of the halophytic form, being 

0.27 mm. thick; and the old leaves do not become thick and suc- 
culent (6). The spongy tissue is very loosely built (Pig. 197) 
and oil is not abnndantlj^ developed. 
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Explanation of Plates. 

The initial magnification is indicated after each figure. All the 
figures have been reduced to about one-third in reproduction. 

Corciiorus acutangulus, Lam. 

Eig. 104. — Photograph, showing the halopliytic form. 

Fig. 105. — Photograph, showing the mesophytic form. 

Fig. 106. — T. S. stem, showing a trichome. (x 360). 

Fig. 10 7. — T. S. stem : m, mucilage cavity. ( x 240). 

Fig. lOS. — Photomicrograph. T. S. stem, (x 82). 

Fig. 109. — T. S. stem, showing a medullary ray. (x 240). 

Fig. 110 . t-A giandiiiar hair on the lower surface of the leaf. A, in 
surface view ; B, in T. S. ( x 500). 

Fig. 111. — Leaf upper epidermis, (x 240). 

Fig. 112. — Leaf : lower epidermis, (x 240). 

Fig. 113. — T. S. leaf: u, upper epidermis; i), palisade cells holding 
oil. (x 500). 

Fig. 114. — T. S. leaf, showing the region of the main vein : ‘in, 
mucilage cavities. Semi-diagramrnatic. (X 82). 

Fig. llo, — T. S. leaf : mesophytic form, (x 500). 

Fig. 116.— Leaf ; lower epidermis. Mesophytic form. ( X 240). 

Spermacoce hispida* Linn. 

Fig. 117. — Stem: epidermis, (x 360). 

Fig. 118. — T. S. stem: a trichome. (x 240). 

Fig. 119.— T. S. stem, showing the cortex. {x360). 

Fig, 120.— T. S. stem, showing a ridge, (x 240). 

Fig. 121. — Leaf: upper epidermis, (x 240). 

Fig. 122. — Leaf: lower epidermis, (x 240). 

Fig. 123.-— T. S. leaf : u, upper epidermis. ( x 500). 

Fig. 124. — T. S. leaf, showing the marginal teeth. ( x 240). 

Fig. 125. — T. S. leaf, mesophytic form : u, upper epidermis. ( x 360). 

JLaunaea pinnatifida) Cass. 

Fig. 126. — l^hotograph : halophytic form. 

Fig* 127.— Photograph : mesophytic form. 

Fig. 128. — T. S. stem : exposed side, (x 500). 

Fig. 129. — T. S. stem: side in contact with the soil, (x 500). 

Fig. 130.— T. S. stem, showing the palisade-iike cortical cells, (x 
500). ' ■' 

Fig. 131.— Leaf : upper epidermis. (X 240). 

Fig. 132.— Leaf : lower epidermis^ ( X 240) 
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Big. 133. — ^T. S. leaf: jfy upper epidermis ; j7, palisade cells holding 
oil. (x 500). : 

Fig. 134.— T. S leaf, sho\ying the spongy tissue, (x 500). ' 

Fig. 136. — Photomicrograph. T. S. root, showing the sylem elements 
holding inulin crystals, (x 5C0). 

Fig. 136.— T. S. root: conjunctive tissue showing a group of latici- 
ferous tubes and inujin crystals, (x 500). 

Fig. 137. — Photomicrograph. T.S. root, showing the conjunctive tissue 
holding masses of inulin crystals. ( X 8S) . 

Fig. 138 —T. S. stem : mesophy tic form, (x 500). 

Fig. 139.— Leaf: lower epidermis of mesophy tic form, (x 240). 

Fig. 140 — T. S. leaf, mesophy tic form : upper epidermis, (x 240). 
Fig. 141. — T. S. leaf, mesophy tic form : I, lower epidermis, (x 240). 

Scaevola Lobelia, Murr. 

Fig, 142. — Photograph : a S. Lohetia formation. 

Fig. 143. — Photograph : profile position of leaves. 

Fig, 144. — T.S. stem, (x 500). 

Fig. 145. — T.‘ S. stem, showing the cortex, (x 240). 

Fig, 146. — A glandular hair from the under surface of the leaf, 
fx 500). 

Fig. 147. — Leaf : upper epidermis, (x 240). 

Fig. 148. — Leaf lower epidermis, (x 240). 

Fig. 149. — T. S. leaf : u, upper epidermis ; p, palisade cells. ( > ;• uOUj. 
Fig. 150.— T. S. leaf : p, palisade cells ; a, aqueous-tissue. ( x 240). 

Ip omosa pes-caprae. Sweet. 

Fig. 151. — Photograph, showing the position of leaves ; haiopliy tic forin. 
Fig. 152. — Photograph : mesophytic form. 

Fig. 153.— Photograph : seedling. 

Fig, 154.— T. S. stem, showing the cortex. ( x 500)< 

Fig, 155.— T. S.Jstem, showing the inner cortex with a. secretory cell,. 
(X 240). 

Fig. 156. — L. S. hypocotyl, showing the secretory cells (*•) in the 
cortex : 0, oil ;(/, starch grains, (x 600). 

Fig-.’f 167.— T. S. stem : secondary, xylem. (x 240). 

Fig. 158.— T. S. stem : pith with a secretory cell, (x 240). 

Fig. 159.— Leaf : upper epidermis. (x240). 

Fig. 160. — Leaf : lower epidermis. (x240). 

Fig. 161.— T. S. leaf : upper:epidermis, ( x 500). 

Fig.' 162. — T. S. leaf : 7, lower epidermis, (x 506). , . 
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Pig-.. 16:3.™-:Photomicr.ograpli. T..S. root of seedling, (x 82).- -- 
Pig. 164. — Leaf mesophj^tic form : lower epidermis* , ( X .'240). 

Pig. 165. — T. S, leaf, mesophytic form ; upper epidermis, (x 500). 
Pig. 166. — T- S. 'leaf, mesophytic form : lower epidermis, (x 500.) 

Neuraeantliws spliaerostacliys, Dalz. 

Pig. 167. — Photograph; A/halophytie forms: B, mesophytic - form. 

Pig, 168. — Photograph, sho-\ving®tiie hibernating organs. 

Pig. 169. — T. S. stem, showing the epidermis with cystoliths, K, 
(x 240). 

Pig. 1?0."“T. S. stem, showing a trichome. (x 240). 
pig. 171. — T. S. young stem : h, hypodermis ; r, chlorenchyma. 
(X 240). 

Pig. 1 72. — Leaf : lower epidermis ; L ceils liolding cystoliths. (.X 240). 
Pig. 173. — Leaf: a trichome on a vein, (x 180). 

Pig. 174. — T. S, leaf: ti, -upper epidermis; p, palisade cells, (x 240). 

Lepidagatiiis TrinerviSj, Nees. 

Pig. 175. — T. S. stem. Semi-diagrammatic : c, chlorenchyma. (x 51). 
Pig. 176, — T. S. stem (region of the wing): c, chiorenchyma. (x 240).' 
Pig. 177. — T. S. stem, showing a stoma, (x 560). 

Pig. l78. — Leaf: upper epidermis, (x 360). 

Pig. 179. — Leaf: lower epidermis ; g', gland, (x 360). 

Pig. 180.— T. S. leaf, showing a glandular hair. ( x 50P). 

Pig. 181. — T. S. leaf: u, upper epidermis; L cystoliths,. (x 500). 

Pig. 182. — T. S. leaf, showing- the upper epidermis with a cy&tolith. 
(X 180). 

Pig. 183 — T, S., leaf, showing the marginal teeth. . (.x 240). 

Clerodendron inermej Gaertn. 

Fig. 184.— Photograph, showing the profile positon of leaves in tlie 
halophytic Jorm. 

Pig. 185. -—Photograph : mesophytic form. 

Pig. 186.— T. S. stem : t, trichome : 5, stone cell. (x‘'o0'0). 

Pig. 187. — A glandular hair on the stem: 'A, in surface view; B, in 
cross section. (x '500). 

Pig. 188.— T. S. old stem, showing-cork- formation, (x 500) 

Pig. 189.— T. S. petiole, showing the region of the chiorenchyma. 
( X 500). 

Pig. 190.— T. S. leaf : a gland on the upper epidermis. ( x 500). 

Pig. 191. — Leaf : upper epidermis. ( x ’500). 

Pig. 192.— Leaf : lo\yer epidermis. - (x 500). 

Pig. 193.— T. S. leaf : u, upper epidermis ; p, palisade cells. ( x ^ 240). 
Pig. 194.— T. S. leaf : I, lower epidermis ; s, spongy tissue, (x 500). 
Pig, 195.— Photomicrograph. T. S* root, showing the lacuna.? cortex. 
(X 240), 

Pig. 196,— Leaf : lower epidermirof 'the mesophytic form., (x 500)« 
Pig. 197. — 'T. B. leaf : mesophytic- form. - (x 240). 
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Plate IV. 
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CHANGES IN PLANTS DURING LOW 
'TEMPERATURES;-; 

If. Is Hardiness ^ Inherited in Pyrus Mains ? 

^ BY 

■ -E. G. Malhotba, 

Malhotm Street, Jammu, Kashmir* 

Hardiness has attracted the attention of botanists and horticnl- 
tnrists for a long time, not only in apple but in other plants grown in 
the temperate climates. This is pi'obably ; because freezing injury, 
at. times, is , so, severe, at least in the temperate climates, that fruit 
growers suffer heavy loss both immediate and remote. 

Plant physiologists and biochemists attribute hardiness to the 
relative amount of chemical substances present in a given plant. 
Sosa (25) and Hooker (14) are of the opinion that hardening is due 
to the increase of pentosans , in a tissue or a . plant. Murneek (21) 
suggests that hemicelluloses may be concerned. in hardiness. On the 
other-hand, De Long (4) and Doyle and Clinch (7) find no relationship 
between pentosans, and hardiniess in - apple, and conifers. Murneek 
also presents no -direct experimental-data iniavor of hemicellulose. 

Several physical or chemo-physioal factors responsible for hardi- 
ness have been-proposed.' D’Arsonvai (2-)- thihks-that hardened "plants ■ 
have lower freezing point.- ■ Harvey’s- experiments indicate a 
direct I'elationship'v between alkalinity and - hardiness or acidity and 
freezing injury. Shutt ■ (29)- and others find that '-decrease in moisture 
content has a definite relationship with-hardinessi^ 

' "■' There is’;aii ihdicatibn ‘that variatidn'in" the histologid^ structures 
of lhe 'praht'celB^^ be more important in haMiness than chem 
or’.cHemo-physical composition;- Mdlisch (20) records that compact 
cells may withstand lower tempefaltures; HursH (15) finds that in 
some '''cases''morphological factors may be important. Y/oolsey (28) 
mentions that thickness of the -Bark may be an, important factor. 

Are all these factors -interrelated ? Can they be inherited? 
G,qnclusive evidence is not available .in this- respect. It seems that 
resistance and susceptibility areas stable as other genetic characters 

^ “Hardiness’* as used in this paper refers- to -the ability of a given plant 
species or variety to successfully ■withstand the •Ibwe&t range of temperature . as 
well- as - freezing .and'., thawing, .snowfall:. and. owind.. , Hardy ptepts. ha’ve 
designated fhj'.a. ge^graplpu^l region - based ^ on the; sum. of all the major . 
environiueRtal factorsJnvolved and not on the prevailing temperature only. 
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and may depend upon genetic factors. For instance, Hayes (ISJ) found 
that inherited wheat varieties may be resistant to stem rust because of 
a large amount of sclerenchyma colls. Hayes and Aamodt (13) and 
Quisonborry (23) also found spdng growth habit of wheat and less 
cold resistance as dominant over winter growth habit and cold 
resistance. In other words, cold resistance and winter habit of wheat 
are strongly correlated in inheritance. Waldron (26) concludes that 
hardiiiess is primarily inherent in the plant itself. 

The problom of hardiness with reference to inheritance, be it due 
to the ehemicai, chemo-physical, anatomical, morphological or other 
factors not yet known, is not a simple one. The winter hardiness 
appears to be controlled by several genetical factors, the final 
expression being greatly infiuenced by the environment under which 
the material is grown, as for instance, growth habit. The wnter-^ 
hardiness character, 'while heritable, is very complex and is greatly 
infiuenced by environment as shown by 10 years’ experiments of 
Quisenberry and Clark (24), 

Dorsey and Bushnell (5) pointed out that no cultural methods or 
protective treatments have been developed which are adequate to 
prevent serious injury when a variety is grown too far north of its 
normal range. Only origination of hardy varieties by breeding appears 
to be the effective procedure. Summarizing their (6) work on the 
inheritance of hardiness in plums, they state that from one 
standpoint the environment may be regarded as the primary consider- 
ation in hardiness and the genetic constitution secondary, or vice 
versa. Darwin (3) mentioned that Hooker found seedlings of the 
same species, grown from seeds at different heights on the Himalayas, 
to possess different constitutional powers of resisting cold. 

The writer is interested in this problem both from a genetical and 
a biochemical standpoint. It seems that both morphological and 
chemical factors are hereditary to a greater extent, although environ- 
ment can modify them. For instance Malhotra (19) found that toma- 
to grown from the same parent of F can be modified both as to the 
morphological structure and the chemical composition. The last fact 
has been illustrated by plate I. 

Beach and Allan (1) conclude that apple varieties, varying in hardi- 
ness, are morphologically indistinguishable. The writer obtained 
Winter Baaiana (tender apple variety) and McIntosh (hard apple 
vaiiety) from vaiious 1^^^^ of temperate regions (United States of 
America and Canada) and found no difference in the structure of wood 
of the same year except, that one had more trache® per unit surface 
than the other. Plate 11 shows the structure of the ty pical wood of 
these varieties of apple. It seems that the^e morphological similarities 
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or differences, are inherited. On the other hand, hardy apple Tarieties, 
in general, possess thicker bark as can be seen from plate II. This 
thickness is again iinliienced by environment, but at the same time, 
resistance against winter injuiy is also decreased. Plate III shows the 
bark cells in both kinds of apples. Thus it would seem that one part 
of the plant may be more influenced by inheritance while another 
may be more affected by environment. Maihotra (17, 18) has already 
indicated that sex can be influenced by external factors. 

It seems that apple varieties from the coldest regions are the 
hardiest v/hen planted in the same locality. The writer found this 
true for apple, while Emerson (9) and Hansen (10) found for black 
walnut seedlings, red cedar and boxelder respectively. On the other 
hand, Linton (16), Ellis (8) and Neilson (22) state, that seedlings obtain- 
ed from the seeds from warmer climates, may be hardy in cold regions. 
This may be due to inheritance or successful adaptation or both. At 
any rate, it is quite possible that inheritance may be an important 
factor in securing hardy plants. Several cultivated species have given 
rise to single individuals that are able to endure considerably lower 
temperatures than the individual types. Many examples of this type 
have been noted by White (27). 

It is very likely that wdld, hardy varieties of apples exist. 
Investigation for discovering mutants or breeding hardy plants may be 
worth trying. The solution of this problem does not lie so much in 
chemical and physiological attacks as in the hereditary basis of hardi- 
ness. Unfortunately this phase has not attracted the attention it de- 
serves. The writer’s researches will appear in Norway regarding the 
critical problems of this sort. 
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Plate I. 

Photomicrographs of the cross-sections of tomato plants obtained from 
homoz5-"gons seeds of Fjo. 

A. Grown at 75 ^ F. Note that the cells (particularly pith parenchyma), on 
the whole, are larger in size. 
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Plate I B 



B. Grown at 50'^ F. The cells, as well as the total cross-section area, are 
smaller than A. This dimensional difference is probably due to environ- 
ment, 

Dark areas in both A and B are due to iodine accumulation. 

The following tissues can be seen from outside to inside : —Epidermis with 
hair, collenchyma, peri cycle, external phloem, xylem also medullary rays, internal 


phloem and pith. (Masfnificati 


ilfW 
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Plate II A 


Plate II. 

I'hotonncrograpiis of the cross-sections of 2 
apple) and Mcliitosh (hardy apple) shoots. 

A. Mclntosli. Note similar cells in wood as 
fewer per unit area in B. On the other ham 
in favour of A. 

Malhotra— Changes in Plante. 


Plate II h 


. \Vi liter Banana. Note the thinner bark than that of 
twigs were cut at the same distance from the tip and rep 
structure of about 60 twigs collected from diherent trees g: 
localities. (Magnification X 500). 

J. I. I 
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REV EWS. 

Heilborn, Otio, Studies ou the Taxonomy, Geographical Distribution 
and Embiyology of the genus Aubl Svensk Dn^ 

Tidsk. 25: 202-228. 1931. . ^ »’sonsk. Bot 

also described. There is a tendency - Wrds ;ndenhsm in the giuT 
_ The most peculiar thing is the. development of the embryosac 
which the author has studied in . EggersU. Each caSel 

contains a single anatropous ovule with a single massive integumS 

tiated. They divide perielinally to form the prunarv wall co 1 ! i 
megaspore mother cells. ; The latter, on reduction; produce tetrlds o 
megaspores. During this time a hypostase of thick-availed' cells 
difierentiates m the chalazal region of the nucellus. The upnor thito 
megaspores of each tetrad now degenerate while the cha W mta 
spores grow out into ong and narrow tubes penetrating down wd S 
he nucellus. Usually only the tube formed by the megaspore f om 
the central tetrad continues to grow ; the others are ciwled out an 
bsorbed. Tins tube soon encounters the 'hypostase. Here h sweH^ 
mto a smal vesicle and as it is prevented from stretching further by 
the cells of the hypostase, it becomes coiled round itself. The me«a 
^ore ii^u^claus and its protoplasm gradually wander into this p^ 
Meanwhile some of the nucellar tissue above the hypostase disintegLtes 
and a cavity is formed into which the embryosac-tube protrude! and 
discharges its nucleus and protoplasm. The cavity increases in 
and the megaspore nucleus either does not divide at all or at the most 
5 nuclei are formed without any organisation of the eg« apparatus 
Later, all these degenerate. The nucellar cavity enlarges still furtlii ^ 

delr K ^ ®“all sporophytic bud arises, but never 

levelops beyond the three-celled stage and finally becomes destroyed ^ 
nd absoibed. The fruits are always well developed, but the seeds 

are shrivelled, empty and sterile. seeds 

Tie peoiilkt mode of devolopmeit of the embryosac clescribetl in 
this paper by HBmBora has not been repotted before in Tny 1“. 

Srime ^ *“ o, 


P- Mxi^BSHWARI, 
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Chamberlain, C. H. — Methods in Plant Histology* Mftli revised 

edition. 1932. 416 pp. University of Chicago Press- $3*25. 

The fourth edition (1924) of this very useful book has again been 
revised and brought up to date. It has been the author’s constaiil 
endeavour to present his *V Methods ” in such a way that not only 
experienced technicians but even students can profit by reading the 
book, 

There are additions, alterations and improvements in almost 
every chapter, so that about 70 new pages have been added. 

The chapter on “Introduction” has been almost entirely 
re-waitten. The author advises everyone who works with a microseo|M^ 
to try to be a good technician and emphasizes that the making of 
slides should not be entrusted to an assistant. “ Tliose who think 
that such work is mere mechanical drudgery, which can be done by 
an assistant, are likely to become armchair investigators, drawing fake 
conclusions or becoming scholastic grafters, according as the assistant 
is mediocre or talented.” 

Some new suggestions and combinations are given in the chapter 
on “ Stains and Staining The “ Paraffin method ” has been further 
improved and suggestions are given for cutting sections as thin as 
1 micron and even less. Instead of going to the drudgery of 
constantly sharpening microtome knives, the author favours the use 
of suitable safety razor blades clamped in blade holders. In chapter 
XII, there are two important additions in the methods for eutting 
sections of hard wood—KiSSER’s Steam method, and jEPMiBV’s 
Vulcanising method. There are two new chapters on “ Paheo- 
botanical Microtechniq.ue ” and “ Illustrations for Publications The 
chapter on “ Botanical Photography ” has had many additions and 
improvements and parts are written by Dr. Paul J, Sedgwick, an old 
student of Prof. Chamberlain. 

The n Part of the book is devoted to specific directions on the 
collection, preservation and study of important representatives from 
the whole range of the plant kingdom. A list of references is also 
given and the anther expresses the belief that “ an ambitious student 
by making preparations, studying them, and reading about them, can 
become well grounded in comparative morphology without attending 
any classes”. The Bibliography is fuller, though some important 
papers on microtechnique are still left out. Among others, there is no 
mention of Taylob’s Smear Method and Tuah’s new method of 
diS’erentiating Haematoxylin. 

The get-up of the book is excellent and like the previous editions 
it will be indispensable to tvorkers in Plant Morphology and Cytology. 

■ P. Maheshwaei. • 
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4 HAI^DBOOK OF SOME! SOUTH INDIAN WEEDS 

h . ' BT' V ' 

Cw Tadulinoam, P.L.S., and G. Y'enkatanarayan^ B.Sc. (Aq.),, 

Siiperiniendentf Government Pre^s^ Madras ^ 1932, \] 

Tlie book consists of Introduction and six chapters dealing 

' (1) The parts of a plant 

(2) Nomenclature of plants. 

(3) The weeds and their classification 
- ' (4) Special weeds 

(5) Loss caused by weeds and their useS; 

(6) How weeds spread and the methods of controlling 
them, and descidption and notes on weeds. At the end a short 
Bibiiography and a Glossary of technical terms used in the book 
are given. There are indices of Botanical Names, Common English 
Names, Tamil Names, Malayalam Names and Telugii Names. 

112 species are described in the book, and the descriptions are 
shppTemented by many interesting and useful observations. The 
book is fully illustrated and ought to prove very useful to all 
concerned. The printing, paper ,and binding are all veiy satis- 
factory. „ , 

' Lahore^, ■ ' ' ” ^ - 

6th Felnidry, 1933^, : , : ■ . r - , 
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STUDIES ON ISOETES COBOMANDFjLINA L. 

I, Sporogenesis. 

BY 

T. Eicambabam 

AND 

T. N. Venkatanathan. 


lotroduction. 

The genus Isoefes has been the subject of repeated investiga- 
tions in the XJast."'' Ever since the time of Hofnieister the striie- 
tiire of the adult sporophyte attracted the attention of several 
workers, partly because of the peculiarities of structure and partly 
owing to the comparative ease with which it could be handled. 
Still the morphology of the tuberous axis is a difficult and fasci- 
nating problem. Moreover, the developmental stages of the spo- 
langium and the embryo are less known on account of the difficul- 
ties in the methods of study and perhaps also due to the scarcity of 
material. Hence our knowledge of the life-history of the genus 
is by no means complete. 

While the object of the present work was to follow the coni- 
piete life-histoiy. of the local species, the sporangial structures 
were first taken up for iiwestigation as the infoi*mation available 
on these parts of the plant was most meagre. It is the purpose 
of this paper to describe in detail the development of the spo- 
rangia, which, while adding to the present knowledge of the life- 
history of the genus, may also be useful in elucidating the phylo- 
genetic relationships of the genus. 

*For a complete list of papers on Isoetes to date refer to H. Xiebig’s paper 
‘‘Erganzugen zm Entwicklungsgeschkhte von Isoetes lacustre L. Flora. Bd. 125. 
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Review of Previous Work, 

The first clear account of the origin and early development 
of the sporangium Avas given by Hofmeister (15). According to 
him the sporanginm and the velum have a common origin from a 
single superficial cell situated underneath the place of insertion 
of the scale (the ligule). This divides by a transArerse septum 
into tAA?-o cells, the upper one becoming the primary cell of the 
velum Avhile the lower becomes the primary mother-cell of the 
sporangium. The latter, by repeated division in all directions, 
forms the sporangium which at first consists throughout of homo- 
geneous thin-walled cells. The development proceeds alike in both 
kinds of sporangia up to certain stage, when the differentiation 
into three different kinds of tissue takes place. He has also given 
a few observations on the division stages in the megaspore mother- 
cells wherein he sees *Hwo flatly spherical accumulations of 
granular matter^’ just before the nucleus vanishes, the presence 
of an eA^anescent interkinetic cell-plate, and the dmsion of the 
mother-cells into bilateral quadrants, 

Hegelmaier (16) and Tschistiakoff (32) traced the sporogen- 
ous tissue to a mass of deep lying meristem between the epidermis 
and the vascular bundle. The wall of the sporangium is describ- 
ed as being clearly delimited in the early stages from the inner 
complex which gives rise to the sporogenous tissue. After a care- 
ful study of Isoetes lacustris, this view was elaborated in detail 
by Goebel (12) whose account forms the basis of all text-book 
descriptions. The important facts of this description are: (1) 
the sporangium arises mainly from three outer layers of cells. 
(2) there is an hypodermal archesporium which gives rise to all 
spore mother-cells, trabeculae and tapetum. (3) each of the 
archesporial cells exhibits an independent groAvth and up to this 
stage the development of the microsporangium and the megas- 
porangium is the same. (4) the further deA^'clopment of the 
tAVo kinds of sporangia diffei's in their manner of groAvth, the 
megasporangium being marked by the absence of anticlinal 
divisions. 

These observations have been generally confirmed by subse- 
quent authors as Sadeback, Parmer, Schenck and others. The 
next important account on the development of the sporangium 
was given by Bower (4) who adds certain details to GoebePs de- 
scription and generally confirms his account. But he differs from 
Goebel in one important point in that he traces the sporangium 
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to a transverse group of superficial cells- Tims ,lie 'bri.iigs Isoetes 
ill line witli tlie other Pteridophytes with respect to the siiperfieia! 
origin of the archesporiimi. His primary object in woi*ki,ii.g out 
tlie developnie.nt of the sporangium, was to trace a nearer affi.iiity 
of the genus to the Lycopodiales* 

Wilson Smith (36) working on Isoeies engelmmm and I. 
echinospora^ confirms Bower’s results as to the origin of the 
sporangium with variations in minor details and attempts to ex- 
plain Hofmeister’s statement as due to his exclusive dependence 
upon longitudinal sections. But as to the later stages of develop- 
ment, he entirely disagrees with the earlier authors. The spo- 
rangium, as described by him, consists throughout of a uniform 
mass of cells and he does not find any difference in the arehespor- 
iai ceils, either in their manner of development or their mode of 
growth. There is no single definite hypodermal arehesporium, 
certain of whose cells have an independent groudh. The spore- 
niother-cells are not morphologically predetermined but physio- 
logically selected from among the large number of potentially 
sporogenous ceils. The sporangium is single and not multiple 
and grows as one unit. He has besides studied in detail the 
further development of the microsporangium. He describes clear- 
ly the details of development of the trabeculae and the tapetum 
bud did not attempt to f oIIoav closely the details of the reduction 
divisions. His limited observations on this subject refer to (a) 
the chromatin passing through a synapsis stage, (b) the poly cen- 
tric origin of the achromatic figure and (c) the divisions being of 
the simultaneous or successive types resulting in bilateral or 
tetrahedral spores respectively. 

Pitting (11) followed the development of the megaspore 
mother-cells in the living material of Isoetes lacusiris and I. 
PurieuL He gives a clear account of the formation of a body in 
the cytoplasm which divides twice prior to nuclear division. 
Of the latter, he describes the anaphase of the first division and 
the second division giving figures for the same. 

The latest work is that of Ekstrand (10) who mainij' supple- 
ments Wilson Smith’s work on the microsporangium. He is of 
opinion that the sporangium grows as a number of blocks” and 
not as one unit as maintained by Wilson Smith. He notes a few 
stages in the reduction division of the niielexis and observes that 
the division is marked by the absence of eentrosonies or centro- 
some-like bodies. The chromosome number recorded by him for 
the species was 11- 
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It will be seen from the above summary that while the earlier 
history of the development of the sporangia received greater atten- 
tion in the hands of the several authors, the later stages have not 
been studied in as much detail and the cytology of the reduction 
divisions received almost no attention. 

MateriaL 

Isoetes Coromandel ina, the only species so far recorded ki 
India, grows very commonly on the Coromandel Coast. It has 
also been reported by Griffith (3) from Serampore in Bengal. It 
is perennial like all other species, with a distinct growing season 
which starts about mid-October after the beginning of the mon- 
soon and continues till March. It is amphibious in habit, fring- 
ing the wnter edges of lakes, ponds or pools. It is never found 
in deep water, a portion of the leaves being above the water level. 

After a preliminary study of the material collected during 
January 1930, it was followed throughout the next season, mate- 
rial being collected at regular intervals up to the end of the season. 
One locality was chosen for close study and the observations made 
here w’ere generally confirmed by those in other localities in and 
around Madras. 

The collection of microsporangia was a matter of great diffi- 
culty. There is no published record of the presence of micro- 
sporangia and microsporophyUs in this species. Pfeiffer (22, 
p. 110) who obtained the material from India observed a few 
mierospores ^distinctly recognisable as such scattered among the 
bases of sporophylls, sometimes in small groups.’ But she found 
all the mature sporangia bearing only megaspores. Our prelimi- 
nary observations generally confirmed these statements, and fol- 
lowing the version usually given in text-books attempts were made 
in vain to collect mierosporangiate material at the end of the 
season. But very careful search made again throughout next year 
resulted in our finding a few specimens with microsporangia. 
Most of the plants produce only megasporangia while .plants form- 
ing microsporangia were less common. In such of the latter 
X^lants the microsporangia appear very early in the rainy season. 
The proportion of bisporangiate plants to megasporangiate can be 
roughly estimated to be 2 or 3 to 50. There was no external 
difference between the megasporangiate and the bisporangiate 
plants. 

As to the succession of sporophyllg in the species, the first 
tw-o or three leaves that appear as soon as the resting corm starts 
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grO'Wtli are either sterile or possess only abortive sporangia and 
tile later ones are all fertile. In the niegasporangiate . plants all 
the sporopliylls bear megasporangia only. In the hisporangiate 
plants, nsnaliy' one or very rarely two microsporophylis have been 
observed to develop. They UvSuaily come up after two or three 
megasporophylls are formed. In those cases where two iiiicro- 
sporophjlls are formed in a single plant, the second one does not 
follow immediately the first one but comes up later on after a few 
megasporophylls have been formed. In the megasporophylls that 
are formed towards the end of the growth period the spores do not 
reach maturity, their full development being probably arrested by 
the onset of the dry season. 

It may be interesting in this connection to note the arrange- 
ment of the sporophylls in some of the other species of the genus. 
In Isoetes lacusiris, the megasporangia are situated on the outer, 
and the microsporangia on the inner leaves of the rosette, while 
the innermost zone is made up of sterile leaves. Campbell (8, 
p. 438) and Milde (21, p. 245) found that the outer leaves of each 
cycle produced microspores. Gliick, (13) who made a special study 
of the biology of Isoetes observed numerous variations in the ar- 
rangement of the mega- and the micro-sporophylls in the water 
and land forms of several species investigated by him. His tables 
are very interesting and some species show no regular sequence 
in the formation of the sporophylls. Wilson Smith (36, p. t323) 
h.as also noted an occasional irregularity in the order of succession 
of sporophylls in the plants grown in his laboratory. ^Hn I. 
engelmanm it was not at all uncommon to find several megasporo- 
phylls among the microsporophylis. Some plants wdiich have 
been growing rapidly for seven or eight months in the laboratory 
formed only megaspores; some others, though producing a few 
microsporophylis failed to bring any microspores to perfection/’ 
West and Takeda (33, p. 334) observe in Isoetes japoniea that 
sterile leaves foi*m the transition from one yearns increment 
to the next, and to occur on the periphery of the rosette. The 
mega- and the microsporophylis are not arranged in any definite 
order but irregularly distributed throughout the wdde zone of 
fertile leaves. While stating that the general text-book version, 
(viz., that the megasporangia are situated on the outer leaves of 
the rosette, and the niicrosporangia on the inner, while the inner- 
most zone is made up of sterile leaves) is incorrect, they seek to 
explain the error as follows when a plant is dug up late in the 
year it often happens that the steidle leaves of the outermost w4iorl 
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of tile rosette have by that time completely decayed away; under 
these circumstances sporophylls are found on the margin. But 
if such a leaf-rosette be carefully dissected, young sterile leaves 
will be found in the centre; these are generally regarded as 
belonging to the present season's growth but actually represent 
the outermost circle of next year's growth". 

Methods, 

As to the technique, the usual methods were employed no 
special methods having been found necessary for the study of the 
sporangiate material. While several fixatives were tried, stock 
chromo-acetic acid and Flemming 's weaker solution generally gave 
the best results. A saturated solution of picric acid in water and 
an alcoholic solution of mercuric chloride with a few drops of 
acetic acid were also used with some success, though they were not 
found to be useful for the later division stages of the megaspore 
mother-cells. The fixation was partly hastened by an air-pump. 
The material was washed, dehydrated, and cleared in xylol in 
the ordinary way and was embedded in paraffin of 54° C. Sections 
were cut varying in thickness from 6-10 IT. Haidenhain's iron- 
alum hsematoxylin, saffranine and gentian violet, and picrocar- 
mine in the ease of material fixed in picric-acid and mercuric 
chloride were the stains used. While haematoxylin gave the best 
results others were also useful for some of the cytoplasmic struc- 
tures. 

In order to ensure the proper fixation of the megaspore 
mother-cells in the division stages, it was found necessary to cut 
open the sporangia and expose the sporangial tissue to the free 
action of the fixing fluids. Failing this precaution sections show 
the mother-cells plasmolised and contracted to a mere fraction 
of the original size which take a very intense stain so as to obscure 
totally the internal structure — a condition observed by Kienitz- 
Gerloff (16), Wilson Smith (36), Fitting (11) and other investi- 
gators. 

The material which showed the division stages in the mother- 
cells was fixed both in the field and in the laboratory between 
11 a.m. and 3 p.m. on warm sunny days. 

Observations, 

All observations made here are from permanent preparations 
of microtome sections. Some of them have also been confirmed 
by examination of fresh material. It will be convenient to start 
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witli the description of the velum as it has been a structure closely 
associated with the sporangium. This will be followed by the 
general developineiital history of the sporangium and, finally, the 
details of the reduction divisions in the mother-cells. 

The Veliiofi. 

The velum is a seale-like structure, situated immediately be- 
low the ligule at its base and appears very early in the histoiy 
of the development of the leaf. The degree of development of 
the velum varies for the several species, and this character, in 
conjunction with other prominent features, proves to be a fairly 
dependable diagnostic feature in the primary divisions of the 
geniLs. It takes its origin from the tissue between the ligule and 
the sporangium and possesses an upper and a lower lobe. The 
upper lobe — the dabium’ of A. Braun, grows in an upward 
oblique direction and has a very short growth. The lower lobe 
grows downward to a greater or lesser degree and is continuous 
with the tissues of the leaf at the sides. In a few eases it cover? 
the whole sporangium like a pocket leaving only a slit opening 
below. This complete velum is characteristic of the terrestrial 
species, of Isoeies^ e.g. I. hystrix (27, p. 426). In many other 
species, the development is not so complete, the lower lobe covering 
the sporangium only partially. In some others the lower lobe 
is totally absent. In I. coromandelina, only the upper lobe is 
developed (Pig. 6) and the lower lobe is not formed at all. 

There has been much disagreement among the several investi- 
gators as regards the development of the velum. Most of them 
are of opinion that it takes its origin from the upper tiers of cells 
resulting from the divisions of the sporangium initials. While 
Hofmeister (15, p. 365) describes it as being separated from the 
sporangium by the very early divisions of the sporangium initials, 
others like Wilson Smith (36, 242) contend that it makes some 
addition to the sporogenous tissue. Anyway, it is taken as Hhe 
sterilised portion of the sporogenous tissue^ or part of the 
sporangium fundament\ Braun (7) and Scott and Hill (27), 
however, could not find any relation between the development of 
the velum and the sporangium and they described it as having 
its origin from a distinetly separate tissue between the ligule and 
the sporangium — ^the ^ sella ’ of Braun. Our observations are in 
agreement with those of the latter authors. The velum is far 
advanced in development before any trace of the sporogenous ini- 
tials could be found below it. 
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The details of cleYelopment of the velum in I. 
briefly described are as follows : when the ligiile has grown to a 
length of 6“8 cells the velum has already made its appearance as 
a three-celled structure just below the iigule which projects out 



Pigs. 1 and 2. Longitudinal sections of the leaf with the rudiments of 
the velum and the Iigule (1). X 630. Fig. 3. Same; a slightly later stage. 
The velum (v) projects out in an oblique upwards direction. X 300. Fig. 4. 
Same; more advanced; {d) group of cells between the velum and the leaf- 
base from' which arises later the sporangium. X 300. Fig. 5. Long, section 
of the leaf with the rudiments of the sporangium (sp.). X 300. 
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'.into tlie ftinBel-sii.aped cavity formed' 'bj tlie overlapping leaves 
in tbe young ^^bud^^ (jSg. 1, v). This soon becomes a 5-6-celle<i 
structure and stands at an oblique angle v’ith its free end up- 
^ , 'wards (fig. 2, v). As tbe ligule grows in size, the Tehiiii also 

' ke<qis pace with it by a vigorous multiplication of its cells in all 

directions and continues to grow upwards in an oblique direction. 
At tbe same time, the tissue forming the base of tiie leaf below^ 
i the velum produces a group of cells by active division (fig. 4, d). 

I The sporangium takes its origin in tbe fertile leaves from tliis 

t group of cells. The cells of the sporangium rudiment are distinct- 

1 ly recognisable by their rich contents sharply contrasting with the 

j cells of the velum, which are relatively poor in their protoplas- 

I mic content, and appear only now for the first time in the history 
of the development of the leaf (fig. 5. vsp.). They cannot be 
observed at an earlier stage than this. Even in the sterile leaves 
which are formed very early in the course of the vegetative season 
the velum is formed, only the sporangium is not developed from 
the group of cells below it and the base of the leaf below the velum 
remains very short. The subsequent growth by division of cells 
takes place in the region of the ligular base and the velum, by 
which the tissue of the ligule is differentiated into the sheath, 
glossopoditim, etc., and the cells of the velum are enlarged. The 
growdb of the leaf gradually shifts from its base to the portion 
above the ligule where it continues for a long time as an inter- 
calary meristem. This gradual shifting of meristematic activity 
from the cells of the leaf -base to those above the ligule occurs in 
the fertile leaves also, after the sporangium has been well devel- 
oped. 

In this species the upper lobe of the velum is fully developed 
at a very early stage in the growth of the leaf. In its fuHy 
developed condition, it is a tongue-shaped structure distinctly de- 
limited from the sporangium, (fig. 6). It has a clear epidermis at 
the free portion. The cells in the interior have grown very large 
Y and practically lost their contents. The most important charac- 

? teristic of the velum is that many of the large cells of the interior 

possess a tracheidal structure with spiral or annular thickenings on 
their walls. The tracheidal striieture is at first developed in the 
cells at the upper free portion of the velum and later on in the 
cells 'lower below. ■ " 

The tracheids from an iri’egular network and are found in 
abundance near the ligular base and in the free portion of the 

i ' 
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Yeiiim. They are comparatively few near the vascular bundle of 
the leaf, Wilson Smith (36, p. 242) did not find any connection 
between these traeheidal cells and the leaf trace in J. echmospora 



rig. 6, Tlie fuBy developed upper lobe of the velum. Mg. 7. A loug. 
section of the leaf in the velum portion showing the connection between the 
leaf trace bundle and the traeheids of the velum. (Itb) leaf trace bundle, 
X 150. In the next section of the series a tracheid lying in transverse 
direction fills the gap (marked by cells at a) in the traeheidal connection. 
Pif. 8, A young sporangium showing a uniform mass of cells. X 300. 



EKAMBARAM & VENKATANATHA'N ON ISOETES. 201 

and I. engdnianfdj^ In the’ present species, however, 'we find a 
definite connection between the two means of a narrow, stri|v 
of traebeidal cells, (fig. 7). This connection is rather hard to 
detect at first but can be definitely made out bv a careful sttidy 
of the serial sections of the ‘‘bud 'I 

The following are the chief points residtiiig from the above 
o}>servations : — 

1. The origin of the velum independent of and preceding the 
development of the sporangitmi. 

2. The development and differentiation of tlie velum even in 
tlie sterile leaves where no sporangia develop. 

3. The connection between the vascular tissue of the leaf and 
the traebeidal elements of the velum. 

All these characters go to i^rove that the velum is a purely 
\egetative structure. The exact homologies and functions of this 
sTructure remain unknown for want of satisfactory evidence either 
from the fossil or living allies of the genus. The presence of the 
traeheidal network as a branch of the leaf trace bundle indicates 
that the veinni, unlike the ligule which presumably is a later 
interpolated structure, is a more fundamental part of the leaf, 
which in the course of evolution has degenerated. The velnni 
according to this view will represent a vestigeal structure. 

The Sporangium. 

(a) Origin and early deveiopment : — The sporangium arises 
from the upper surface of the sporophyli between the velum and 
the base of the leaf (fig. 5 sp.). As our observations on the devel- 
opmental history of the sporangium are essentiaily similar to 
those of Wilson Smith (36), only the important points will be re- 
peated here without any elaboration of detail. 

The sporangium is superficial in origin, arising from the up- 
permost layer of cells of the leaf between its base and the velum. 
This layer of cells by suceessive divisions in all directions gives 
rise to a mass of sporangial tissue. The divisions do not follow 
any regular order of sequence and an epidermal layer as distinct 
from the inner arehesporial mass could not be made out in the 
earlier stages. The outer layer of cells continues to add for some 
time to the inner mass of tissue by periclinal divisions. The 

^Similarly, Scott and Hill (27, p. 435) state that the sub-ligular xylem may 
nearly reach the foliar bundle, but they have never observed actual continuity 
between the two tissues. 
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young sporangium is a mass of uniform cells and it grows as one 
unit. Usually the middle group of cells in the sporangium are 
more actively dividing in the earlier stages, but division figures of 
the nucleus may often be noted in the other regions also. Our 
preparations do not offer any kind of evidence in support of the 
archesporiuni theory of Goebel; the delimitation of sterile tissue 
during the very early stages into the several parts such as the 
epidermis, archesporium, etc,, and the independent growth of 
each of the arehesporial cells as described and figured by Goebel 
could not be observed by us. 

When the sporangium has attained a fairly big size as that 
shown in fig. 8, changes take place in the uniform mass of sporo- 
genous tissue which determine the nature of the sporangiiun. 
These changes are not similar in the mega- and the micro- 
sporangia and will now be dealt with under two separate heads. 

The Megasporangmm : — 'In the megasporangium, a few- indi- 
vidual cells, or sometimes groups of t'wo or three cells enlarge in 
size and are marked out from the neighbouring cells by their 
denser j)rotoplasmic content and larger nuclei. Such cells or 
groups of cells form a discontinuous plate following the contour 
of the outer surface of the sporangium and lying below a mass 
of imiforni tissue four or five cells deep. In section, they form a 
broken rovT at the same depth from the surface. But this arrange- 
ment is by no means the rule ; these cells have been observed some- 
times nearer the surface and at other times much deeper towards 
the inner wall of the sporangium. These cells are the potential 
megaspore mother-cells. 

All the potential megaspore-mother-cells do not, however, reach 
maturity and give rise to the megaspores. Just after the differ- 
entiation of the megaspore mother-cells the sporangium passes 
through a period of enlargement. At this stage all the mother- 
cells show an increase in size becoming several times larger than 
the surrounding cells. Bnt very soon growth in some of the 
mother-cells is arrested and their contents become less dense, and 
somewhat vacuolated, "with the result that the mother-cells in 
various stages of growth are met with. Besides this arrest in 
grovdh, there is also a widespread degeneration and abortion of 
many of the mother-cells which have reached their full size, 
marked by their dmsions into smaller cells. The divisions in 
these may occur once, twice, or even three times, a group of eight 
cells also having been observed. Groups of 3, 5, and 7 cells are 
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, not iincomraon, suggesting* that the division is not xiiiiforni in all 
of them. The resulting cells of each of these niother-eells do not 
fall away from one another, but are in groups retaining the con- 
tour of the mother-cell. Ultimately they attain the size of the 
cells of the sterile tissue. This widespread degeneration of the 
potential mother-cells has been dealt with in detail by Bower (5) 
to illustrate his theory of progressive sterilisation of potentially 
sp erogenous tissue and does not need further mention here. 

In cases where the potential mother-cells are selected in groups 
of two or more, it often happens that only one reaches maturity 
while the others suffer either an arrest in growth or divide into 
smaller cells. Either of these cases give rise to appearances 
which are likely to be interpreted in a different light. Sometimes 
we meet with three such abortive cells adjoining one side of the 
fully developed mother-cell and it strongly suggests the tetrad of 
an archesporial cell. This appearance is only deceptive, as the 
study of the early developmental history of the sporangium shows 
that they are not derivatives of a single cell, but are only groups 
of cells which are differentiated from a uniform mass. At other 
times, the abortive mother-cells which have divided to become 
smaller cells surround the fully developed mother-cell so as to be 
interpreted on cursory examination as a special layer of tapetum. 
But a critical study of the developmental history reveals their 
true nature. The tapetal cells as will be seen presently are form- 
ed much later in the history of the development of the sporangium. 

All the aborted mother-cells finally divide into smaller cells 
until they reach the size of the cells of the sterile portion and are 

! indistinguishable from them either in appearance or in behaviour. 

The fertile mother-cells continue to increase in size. They are at 
first polygonal in outline, but gradually assume a rounded or 
elliptical outline. By the time the mother-cells attain their maxi- 
mum size, the sterile cells have practically ceased to multiply. 
Further changes leading to the differentiation of the sterile tissue 
f into trabecute, tapetum and wall-cells start only after the mother- 

cells begin to divide. 

■While confirming Wilson Smith’s observations on the origin, 
development and differentiation of the sterile tissue, further obser- 
^ vations were made as to the formation of the cavities inside the 

sporangia. They arise by the disintegration of the cells surround* 
ing the mature mother-cells. These cells very soon lose most of 
their contents, the^^^^ niiclei only persisting for a time, while the 
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remaining eells of the sterile tissue possess a highly vacuolated 
protoplasm so that at this stage three different categories of cells 
are noticeable in the megasporangium : (1) The megaspore mother- 
cells in the early division stages marked by denser protoplasm ; 
(2) The cells immediately surrounding the above with only the 
nuclei as their contents; (3) The rest of the tissue with cells hav- 
ing a nucleus and a highly vacuolated cytoplasm, (fig. 11). The 
latter give rise to the trabeculae and the tapetal tissue, whereas 



Tig. 9. A portion of a microsporangium showing the differentiation of 
groups of mother- cells. X 300. Tig. 10. The same; more advanced stage; 
the groups falling off into smaller ones jnst before division. Tig. 11. A 
portion of the megasporangium showing the degenerating sterile cells sur- 
rounding the mother-cells; Semi-diagrammatic. X 300. 
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the second category of ceils disintegrate and are finally dissolved 
to form the cavities of the sporangium. After the degeneration 
of these cells the elongation of the trabecular cells takes place and 
the tapetal layers are differentiated. 

The Microsporangium : — In the microsporangixim, the course 
of development is more or less similar. The delimitation of the 
uniform mass of sporogenous tissue into fertile and sterile areas 
takes place relatively later, and groups of cells are selected to 
become the microspore mother-cells, (fig. 9). Here there is 
neither an arrest of growth nor a degeneration of the selected 
potential mother-cells, as seen in the megasporaiigium. All of 
them mature and undergo reduction division. Here also the miiN 
tiplication of the cells of the sterile areas ceases by the time the 
mother-cells attain their full size, but the differentiation of the 
sterile tissue into trabeculae and tapetum takes place immediately 
so that one could recognise the latter even before the initiation of 
the divisions in the spore-mother-cells (fig. 10). There is no 
degeneration of the sterile tissue leading to the formation of cavi- 
ties inside the sporangium as in the case of the megasporangium. 
Only a few cells lying close to the tapetum degenerate. 

As to the details of development of the sterile tissue, the 
present species differs from I. engelmanni and J. echinospora^ as 
described by Wilson Smith (36), in a few minor details. Accord- 
ing to Wilson Smith, along with the elongation of the trabecular 
cells in the lateral direction, their nuclei also change their form, 
becoming spindle-shaped so as to resemble the pierome cells. In J. 
coroniamdelina the nuclei of the trabecular cells have not been ob- 
served to change their shape. Secondly, his observations show 
that the food materials, such as starch and oil, are not found in 
the cytoplasm of the trabecular cells. While discussing the func- 
tions of the trabeculae, Wilson Smith counts this fact as going 
against the suggested view that the trabeculae function as chan- 
nels through which the nutrient material is supplied to the spores. 
He is of opinion that the food stuffs pass to the spores througli 
the inner wall of the sporangium. The observations made here, 
however, reveal the presence of numerous starch grains, fat amd 
oil globules in the cytoplasm of the trabecular cells. This would 
show that these cells function as channels for the supply of 
nutrient materials to the spores. 

When the sporangium is fully ripe the sterile regions lose all 
their contents. The spores lie free in the cavities between the 
trabeculae and the sterile parts later on decay and the spores are 
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liberated. In the decay of the sterile regions the wall of the 
sporangium persists intact while the other parts, especially the 
portion attached to the leaf, break up into fragments. As such 
while the tubers are dug up for the collection of spores either very 
late in the season or just before the plant starts growth, one finds 
the spores freely falling U\vay while the intact upper -walis of 
the sporangia remain on the conn. 

Occasionally, a few megaspores which do not reach maturity 
have been observed to develop in the microsporangium. Similar 
observations have been made by Wilson Smith (36) and Taka- 
mine (31). 

The Megaspore Mother-cell. 

The Reduction Divisions. 

A fully developed megaspore mother-cell is ellipsoidal in out- 
line. It has a dense, richly granular cytoplasm and a fairly big- 
sized nucleus. In the cytoplasm a number of fat globules are 
present which stain black with haematoxylin in the case of mate- 
rial killed in osmic acid fixatives and often obscure the other 
important details of the cell. The nucleus is situated a little 
towards one side of the cell and has a faintly staining reticulum 
and a prominent nucleolus which stains dark in haematoxylin, 
(fig. 12). 

Heterotypic Prop7mse The first visible change initiating 
division in the mother-cells is the appearance in the cytoplasm of 
a body very close to the nucleus. This is clearly made out when 
it forms a deep crescent adjoining the nucleus, (fig. 13). It has 
a clear outline and appears to contain some dark staining granules 
of various sizes and other minute grains whose nature could not 
be made out with the methods of staining employed. Strasburger 
(30) and Tschistiakoff (32) called attention to the formation and 
division of this body in the megaspore mother-cells of I. lamsfris 
and I. BurieuL As briefly referred to in the earlier part of the 
paper. Fitting (11) later gave a clearer account of the same. 
Observing them in the living condition, he describes this body as 
consisting of a coarsely granular plasm and starch grains and 
calls it in his description as a ^'starch clump’'. Prom the ob- 
servations detailed below, it is found that this body is not merely 
a starch clump or starch body, though it often appears to contain 
a few starch grains. But its behaviour appears to be more of the 
nature of a eentrosome and will be referred to as a polar body’^ 
in this account. 
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As this polar body’^ becomes conspicuous, the cytoplasm 
gets denser around it covering the whole of its convex surface. 
Very soon it shows a constriction in the middle which becomes 
deep, the cytoplasm at the same time getting sparse at this portion 
(fig. 14). Meanwhile the chromatin reticulum of the nucleus 
becomes a little more prominent. The next change is the division 
of the polar body into two at the eonstrietion. The resulting 
halves move to the opposite sides of the nucleus and gradually 
increase in size. Several granules of irregular sizes are promi- 
nent at this stage within the bodies (fig. 16). Elongation now 
occurs in the two polar bodies at right angles to each other. At 
this time a few starch grains could be made out inside in addition 
to the. irregular granules and other minute grains already referred. 
These starch grains could also be made out clearly in preparations 
stained with gentian violet. By now, the nucleus lies in the 
centre of the cell and its reticulum is well marked out. The 
nucleolus very often shows protruberances — a case of nucleolar 
budding observed commonly by other investigators (fig. 15). 

A little later the nucleus is found to have again moved to one 
side of the cell. It now grows bigger in size with the growth of 
the mother-cell as a whole and its reticulum is gathered into a 
knot on one side of it, showing synizesis. This synizetic knot is 
so densely stained that its internal structure could not be made 
out (fig. 17). At this stage a second division of the polar bodies 
takes place. First the two bodies get connected by strands of 
cytoplasm. These strands are thick and anastomosing and are to 
be clearly distinguished from the spindle fibres which arise later. 
Material fixed with solutions of mercuric chloride shows these 
cytoplasmic strands very clearly (fig. 18). After the formation 
of these strands the bodies undergo constriction in the centre and 
each is divided into two. The cytoplasmic strands persist right 
through the process of meiosis. 

With the second division of the polar bodies the open spireme 
stage of the niiclens is reached, the reticulum at this stage being 
much more prominent with several knots upon it. (fig. 20). 
Several stages , of the second division of the polar bodies and the 
unravelling of the synizetic knot are met with in th^^ preparations 
(figs. 18 & 19). This is the period of marked gro^vth of the 
mother-cell which gradually becomes more or less spherical in 
outline. The cell-wall also becomes more prominent by the addi- 
tion of a specially thin layer. The differentiation of the sterile 
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sporogeiioiis tissue into trabeculae and tapetum occurs by this 
time and the megaspore mother-cells are seen lying free in the 
sporangial cavities. 

The resulting four polar bodies sooner or later get roughly 
spherical and move away from the nucleus towards the periphery 
of the ceil (figs. 21-24). They are always covered by a dense 
layer of endoplasm and several anastomosing cytoplasmic strands 
are seen extending between them. The few starch grains inside 
these polar bodies show a further increase in number and it is at 
this stage that the grains could be well seen. They are not 
clearly made out in the slides treated with iron-alum haematoxjlin 
but can however be easily seen in sections stained with satfraniii 
and gentian violet (fig. 21). The starch grains do not stain with 
the same intensity as those present in the cells at the base of the 
leaf subtending the sporangium. 

The amount of starch inside these bodies is variable ; at no 
time are they filled with starch as to justify their denomination 
as mere starch clumps^’. Usually a few light staining grains 
are present; more often there are none at all. This observation 
was further confirmed by iodine test on sections of living material 
collected during the season. 

The megaspore mother-cell from this stage onwards shows little 
increase in size. The four polar bodies are finally arranged 
tetrahedrally near the wall of the mother-cell, each surrounded by 
a layer of cytoplasm which is denser towards the cell-wall. Hence- 
forwards these polar bodies do not show any important changes 
being fairly constant both in shape and position. 

Diakimesis :—FTommeiit changes follow in the nucleus. The 
reticulum is replaced by short thick chromosomes. The changes 
leading to the formation of the chromosomes are as follows : 
(1) a few local thickenings appear on the darkly stained spireme, 
v/hich in course of time become conspicuous deeply staining dark 
dots (fig. 22). (2) the chromatin is observed to be grouped into 

a few dark strands which are arranged more or less paraiiel to 
each other. (3) the reticulum is formed again with the threads 
now diverging rather wndely and showing the peculiar twisting 
and interlacing that is commonly observed prior to the second 
contraction (fig. 23). (4) no definite ^‘diffuse’" stage or a regular 

second contraction was observed beyond the one shown in fig. 24, 
which may be taken to represent this stage. (5) the condensation 
of the spireme threads to smaller groups \vhich finally shorten 
and thicken to form the bivalents (fig. 25). 
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Simiiltaiieoiis with tliese changes, the nuclear outline takes 
n roughly triangular form in sectional view the angles of wiiich 
point towards the polar bodies at the periphery of the cell. The 
spindle fibres now make their appearance. They are tetrapolar, 
each group of fibres proceeding from one polar body. These deli- 
cate fibres are clearly distinguished from the anastomosing cyto- 
plasmic strands connecting the polar bodies and are well seen 
passing through the dense cytoplasmic sheath and are connected 
to the limiting membranes of these bodies. 

Ileterotypio Mefaphase : — After the formation of the bival- 
ents, the spindle fibres apply themselves to the nuclear membrane 
A^dlich gets dissolved at these places. Eventually the wdiole 
nuclear membrane disappears (fig. 26). The nucleolus which has 
sliowm no further visible change beyond the fe-w buds given out 
at first also disappears at this stage (fig. 27). It has been, how- 
ever, sometimes observed to persist for a short period after the 
dissolution of the nuclear membrane. The dissolution of the nuclear 
membrane and the disappearance of the nucleolus seem to take 
place gradually, as several intermediate stages are commonly met 
with in the preparations. Eventuaity the tetrapolar spindle be- 
comes bipolar and the bivalents arrange themselves on the equa- 
torial plate. Rarely the spindle fibres are bipolar without passing 
through the tetrapolar condition. The cytoplasmic strands con- 
necting the polar bodies are now less prominent though persisting. 
The cytoplasm shows a slightly vacuolate condition at this stage. 

It has been possible to count the number of chromosomes both 
at diakinesis and on the equatorial plate. Owing to the big size 
of the nucleus it is difficult to find all the bivalents in view in 
sections of less than 10 U in thickness. The counts in a large 
number of mother-cells show that the haploid number is 16. The 
same number has been made out by the counts in the microspore 
mother-eells also. 

The metaphasic spindle (fig. 29) is of the ordinary type w^ith 
one characteristic that it lies alw^ays bet-ween tw-o of the polar 
bodies and the fibres are in close connection with the bodies 
themselves. Sometimes each of the remaining two polar bodies 
move tow^ards the other two so that at each pole tw^o of them 
are found very near each other. 

Anaphase and TeZop/iase The anaphase of the first division 
could not be observed in any great detail Very few mother-cells 
were found in this stage and only the early (fig. 31) and the very 
late (figs. 32 & 33) conditions could be seen. The chromosomes 
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are unequal in size and they do not move towards the poles sininl- 
taneoiisly. A few lag behind while the majority have reached 
the destination. Finally they collect at the poles very close to the 
polar bodies. The spindle fibres persist at late anaphase between 
two groups of chromosomes, (fig. 33). 

The telophasic transformations follow quickly and with the 
appearance of a fresh nuclear membrane a temporary resting 
condition is reached. The spindle fibresi disappear from the 
polar regions while becoming more prominent at the equatorial 
region, (fig. 34). 

Interphase : — The period between the two divisions, though 
shortj is characterised by a few important changes. The spindle 
fibres which were prominent at the equator during the late telo- 
phase are replaced by a cell-plate. This, however, is evanescent 
and disappears quickly. This evanescent cell-plate has been ob- 
served to be a peculiar feature of some reduction divisions. The 
daughter nuclei which were close to the polar bodies during the 
heterotypic telophase now move to a position between the two 
adjacent polar bodies (fig. 35). This resting period is very short 
and the second division follows almost immediately. 

Homotypic division : — This is marked by the disappearance 
of the evanescent cell-plate and the quick prophasic changes that 
occur in the daughter nuclei. It was not possible to follow the 
various changes and the stage most commonly observed was when 
the bivalents were fully formed (fig. 36). During the following 
metaphase, the two spindles which are always at right angles to 
each other are free from one another (fig. 37) — a feature in con- 
trast to that of the Lycopodiales and the Gymnosperms where 
sextuple spindles occur. Here again, each of the two spindles 
extend between two polar bodies. The chromosomes have the 
linear shape which they possessed during the anaphase of the 
first division. The changes that take place in the daughter nuclei 
are not always simultaneous • often one has reached the metaphase 
before the other has formed the bivalents. The only other stage 
observed of this division was the reorganised nuclei in the late 
telophase, one lying very close to each of the polar bodies. Now 
the cytoplasmic strands connecting the polar bodies become once 
again prominent. 

Wilson Smith (36, p. 255) writes: While the young mega- 
spores have invariably a tetrahedral arrangement, occasionally a 
bilateral arrangement is found in which case the divisions so far 
observed are successive^’. He gives two figures in support of this 
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statement. Tlie cells drawn in these figures (figs. 60 & 61, PL 18) 
cannot represent, in our opinion, tlie fully developed motlier-eeils 
wliicli have undergone the reduction divisions, because they show 
vacuoles in their interior, are bounded on all sides by sterile ceils 
and do not lie free in the cavities between the trabeculae. It has 
been pointed out that during the prophase of the first division the 
mother-cells get separated from the neighbouring sterile ceils and 
come to lie freely in the cavities formed by the degeneration of 
the sterile cells. On the other hand, the mother-cells figured by 
Wilson Smith look more like degenerating and abortive ones. In 
the present study no ease was met with where the division was 
successive. The interkinetic cell-plate was always evanescent and 
never formed a permanent cell-wall. 

Cell division and Spore formation : — Cytokinesis results from 
the formation of a fine cell-plate bet’ween the four daughter nuclei 
along the equatorial plane (fig. 39). In the absence of the ana- 
phase of the first division in our preparations, it was not possible 
to determine whether the plate was formed in connection wfith the 
nuclear spindle or independent of it. A little later this fine cell- 
plate splits along its whole length thiis separating the four 
daughter cells. Very often, during fixing, the protoplasm of the 
daughter cells shrinks along this line and clearly brings into prom- 
inence the line of splitting of the plate (fig. 40). Bach of the 
daughter cells secretes around itself a cell-wall and the cell-wall 
of the mother-cell is still intact enclosing the daughter ceils 
(fig. 41). 

A period of growth ensues, when several changes take place 
both inside the daughter cells and in their walls. The cytoplasm 
gets thinner with the formation of several big vacuoles. The 
nucleus remains at the base of the tetrahedral spore. It has now 
lost the staining capacity; the reticulum is very lightly stained, 
w^hile the nucleolus is prominent. During the period of growth 
the nuclei are very irregular in shape but are ultimately rounded 
in the fully developed spores. The polar body one of wdiich is 
persisting in each of the daughter cells show^s a gradual diminu- 
tion in size. Though it is prominent with the cytoplasmic cover- 
ing during the formation of the daughter cells, it is not clearly 
made out in the enlarging spores enclosed in the mother cell- 
w^all (fig. 42). In the fully developed spore it is totally absent 

With the further growth, the cell-walls of each of the 
daughter cells increase* in thickness and are finally differentiated 
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into tliree layers. The deposition of the wall along the line of 
partition between the daughter cells proceeds from the periphery 
to the interior and various stages of deposition of the wall, along 
this line of partition can be observed. Living material is more 
favourable for this observation. When the spores are more or 
less fully ripe the mother cell-wall is broken up and gets dis- 
organised, and the spores come to lie freely in the sporangia! 
cavities. 

A fully developed megaspore is tetrahedral in shape with the 
wall differentiated into three layers. The outermost layer is 
marked with large tubercles. The cytoplasm shows a spongy 
structure and the nucleus is now found near the apical angle 
f apex) of the spore, (fig. 43). 

Microspore Mother-cell 

In spite of the rarity of the microsporangia referred 
to in the earlier part, we were fortunate enough to follow 
in detail the important phases of the reduction division. 
As the main course of events here is very similar to that in the 
megaspore mother-cells only a brief description will be given, 
pointing out a few interesting and peculiar features not found 
in the megaspore mother-cells. It has to be stated in the begin- 
ning that here also the polar body makes its appearance just be- 
fore the inception of the division (fig. 45), going through the same 
changes as in the megaspore mother-cells and behaving as centro- 
some-like bodies at the poles of the spindle. The presence of this 
body in the microspore mother-cell has not been recorded by any 
of the previous workers. 

The divisions start even when the mother-cells are in small 
groups retaining their polygonal outline. It is only when the 
division has progressed beyond synizesis that the individual cells 
fall apart from one another and get rounded. As noted by 
Wilson Smith (36, p. 249), hundreds of mother-cells in a micro- 
sporangium show more or less the same division stages. Separate 
t^blocks”, each showdng a different stage of division, as noted by 
Bkstrand (10) were not observed in the present species. 

The late prophasic changes, as the formation of the spindle fibres, 
the dissolution of the nuclear membrane and the disappearance of 
the nucleolus, have not been observed. But w^hen the nuclear 
membrane is dissolved and disappears from view, the nuclear area 
is clearly recognisable from the cytoplasm and this condition 
persists through the division stages (see figs. 57-62). This is 
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sometliing iiiiiisuaL as it is generally the ease that either the two 
portions are indistinguishable or are delimited by a special peri- 
nuclear mantle. 

During metaphase (fig. 57), the spindle here also lies always 
between two of the polar bodies, the spindle fibres being connected 
with them. In hundreds of cells wdiere the spindles w-ere observ- 
ed there W’as not even in one case where it oceupied any other 
position. 

In contrast to that of the megaspore mother-cells, the ana- 
phase of the first division could be studied in ail its details. The 
movement of the chromosomes does not take place at the same 
time and they may be observed in several positions from the 
equator to the poles in a single cell. The two groups of chromo- 
somes are, how^ever, distinct and the total number of each group is 
16. (fig. 60). 

Finally when all the chromosomes reach the poles near their 
respective polar body, they are gz*oiiped into a star-shaped mass 
(fig. 62). The nuclear membrane reappears in the very early 
telophase, the chromatin remaining still as a mavss and not spread- 
ing itself into the w^hole of the nuclear area. (fig. 63). This is 
perhaps an iinusiial feature. We have already referred to the 
nuclear area being distinct even during the chromosome division. 
It would be a matter of interest to know if there is any correlation 
betw^een these two features. 

The daughter nuclei are as big as the nucleus of the mother- 
cefi. The nucleolus reappears with the diffusion of the chromatin 
throughout the nuclear area (fig. 64). The spindle fibres form a 
fine plate at the equatorial region, which is either evanescent or 
persisting so that the division here is either simultaneous or suc- 
cessive. 

During the second division, the spindles have been observed 
to be both parallel to one another (fig. 67) and at right angles to 
each other. In w^hatever position they may be, each spindle is free 
from the other and the two are never connected. The nuclei result- 
ing from the second division are arranged tetrahedrally (fig. 68) 
or bilaterally as the case may be. The polar bodies have not been 
followed throughout the stages of the second division, the prepara- 
tions made being not quite favourable for such observations. But 
they are nevertheless recognisable by the side of the nuclei after 
the second division. 

The danghter cells soon get sepai'ated from each other. The 
irall of the mierospore mother-cell disorganises very early so that 
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the spore-tetrads come to lie freely in .the sporangial cavities at a 
very early stage (fig, 69). They remain in this coiidition for a 
fairly long interval. The spores, soon after their liberation from 
tlie mother-cell, possess a semi-lunar shape; their nuclei are very 
small in size when compared to that of the mother-cells. During 
this and the following stages the polar bodies are not present in 
the spores. A period of growth follows when they gradually 
attain a bean-shaped structure (fig. 71). The cytoplasm gets 
thinner and finely vacuolated ; the cell-walls become differentiated 
into the usual three layers as in the case of the inegaspore; the 
nucleus grows a little bigger in size though it never reaches the 
size in the mother-cell. 

A fully developed microspore is bean-shaped and its wall 
differentiated into the three layers. The outermost wall is marked 
with small densely packed spines (fig. 72). Double spores are 
commonly met with. In the dry sporangium, the spores are 
powdery and reddish-brown in colour. 

Discussion, 

The polar hody ^^: — While considering the nature of this 
body one has to bear in mind the following chief facts about them : 

1. It is not seen in the early stages of the developing mother 
cells. It arises only just before the initiation of the prophase, 
in the cytoplasm of the mother-cells very close to the nucleus on 
one side of it. 

2. It divides twice during the early prophasic changes of the 
nucleus. 

3. The resulting four parts arrange themselves tetrahedrally 
on the periphery of the cell after which prominent nuclear changes 
follow. 

4. The polar bodies are connected with one another by thick 
anastomosing cytoplasmic strands. 

5. The contents of these bodies in the early stages are made 
up of irregular rods and other minute granules which give no 
reaction with iodine. But later starch grains, which fluctuate in 
quantity, appear. 

6. The spindle fibres take their origin from these bodies and 
the nuclear spindle when differentiated always lies between two of 
these bodies. Hence the name polar body suggested. 
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7. After the conelnsion of the division each daughter cell 
receives one of these bodies along vrith the nucleus. In the final 
stages of spore formation these bodies gradually diiiiiiiish in size 
and ultimately disappear. 

The occurrence of similar bodies has been recorded by previ- 
ous workers in some other species of Isoetes. As has been refer- 
red to already, Fitting (11) found these bodies in the megaspore 
mother-cells of I. Diirieni and I. laciostris and noted an essentially 
similar behaviour in them. He does not enter into a discussion 
as to the nature of these ‘starch clumps’ as he calls them, but 
draws the attention of the reader to the theoretical significance 
of the cytoplasm and its inclusions initiating the nuclear divisions 
in a iew cases even among the Archegoniateae. 

Marquette (19), while giving an account of mitosis in leaf 
cells of I. lacMstris describes similar polar bodies in the cells em- 
phasising on their fluctuating starch content. He calls them 
starch bodies throughout his description pointing out in the end, 
however, the possible objections to the name and suggesting the 
name “polar structures”. After a brief discussion on the nature 
of these bodies he concludes “It might be possibly assumed that 
in Isoetes we have a transition from a cell structure with well 
defined central bodies as found in some Algae and Fungi to a cell 
structure apparently without central bodies or anything corre- 
sponding to them as found in the spermatop bytes”. 

Ma (17), who studied the very young leaves and sporelings of 
I. melanopoda., found in the cells near the base of very young 
leaves the ‘polar structures’ described by Marquette in I. lacus'tris. 
By a comparative study of successively older cells of the leaf she 
endeavours to prove that numerous plastids in the older cells of 
the leaf are derived from the polar structures of the young 
leaves, though she does not observe the actual division of the 
structures and their formation into plastids. * 

It may be stated here that the bodies are met with in the 
dividing vegetative eelh ot I. cor omandelina also. Our few ob- 
servations on mitosis, both in the cells of the intercalary meristem 
of the leaf and that of the young sporogenous tissue, agree with 
those of Marquette as to the structure and behaviour of these 
polar bodies. The division of these bodies to form the plastids of 
older cells, as described by Ma for was not observ- 

ed to take place. 

Bodies of similar nature have also been found in the ease of 
a few Bryophytes as Anthoceros axid certain Mosses. Strasburger 
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(30) was the first to describe the two repeated divisions of a body 
in the spore mother-cells of Anthoceros. Since his work, mxmer- 
oiis others have also observed it in other species of Anthoceros, 
Campbell (8, p. 141, fig. 73 A-D.) followed the developmental his- 
tory of the spores in most of its details in the fresh material of 
A. fusiformis. He describes a roundish body lying very close to 
the nucleus, of granular consistence and yellowish green colour, 
containing a number of granules some^ of which are starch. 
Davis (9) worked in detail on the spore-mother-cells of A. laevis 
and his observations are mainly from permanent preparations. 
He was unable to find in the young cells of the sporogenous layer 
any body of the nature of plastid or chloroplast. According to 
him the body makes its appearance in the mature spore-mother- 
eells and is made up of starch grains, which stain sharply a beauti- 
ful purple with gentian violet, embedded in protoplasmic strands 
and fibrils. This chloroplast as he calls it behaves in a manner 
similar to the polar body in Isoetes here described. Here also the 
four bodies formed as result of two repeated divisions are con- 
nected to one another by coarse cytoplasmic strands ; the nuclear 
spindle is at first tetrapolar taking its origin from the bodies; 
later a bipolar spindle is formed which always lies between two 
of these bodies. 

In Polytrickum^ Allen (1) found each pole of the spindle 
occupied by a flat polar plate which behaves as a division centre 
though not as an aster. This body persists in the resting condi- 
tion, divides in the prophases of the divisions in the spore-mother- 
ceUs to form polar plates from which protoplasmic fibrillae grow 
towards the nucleus and finally form the spindle. In the second 
division the polar plate is represented by a group of granules 
which divide into two similar groups as before. In spermatogenesis 
this body has been observed to function as the blepharoplast. 

Sapehin, in a series of articles (23, 24, 25, and 26), records 
his observations on the condition of plastids and their individuality 
in the sporogenous cells of Mosses iFimana, Polyirichum, Brymi 
and Selaginella, ajid Isoetes, 'H.m main contention is 

that they are continuous throughout the life-cycle of a species 
and is convinced that the bodies in all the plants observed by him 
should be included in the category of plastids. He is also posi- 
tive that plastids are not formed by chondriosomes which he thinks 
are quite independent cytoplasmic structures found side by side 
with the plastids. 
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McAllister’s studies of Anthoceros and Notothylos (20) with 
regard to the structure of plastids in the gametophjdic and sporo- 
g-enoiis cells make him believe in the continiiitj of plastids 
throiigliout the life-cjele of the species studied by liiiii. Recognis- 
ing- the presence of plastids in the young sporogenous cells and 
elater cells, his conclusions as to the nature of the bodies in the 
spore-mother-cells are: “Although the exact identity of the plas- 
tids in the developing spores and in the other reproductive cells 
is somewhat uncertain, there seems to be little doubt that these 
vacuolate areas in the spore-mother-cells of Notothylos and Antho- 
ceros ‘dre plastids. They have arisen by the transformation of the 
structures which are undoubtedly chloroplasts and they occupy 
the same position as those structures occupied. The formation 
of starch bodies within these areas even though they are very 
unlike the conventional plastids is evidence of their plastid 
nature.’’ 

Ma’s observations (18) on the sporogenous cells of certain 
]\Iosses (Atrickum undulatimiy Bryum argentinimty Funaria 
amerkana, and Physconiitrium tiirbinatiim) lead her to the con- 
clusions of Sapeliin and McAllister as to the continuity of 
plastids. But she has not followed closely the histoi*y of the body 
in the sporogenous cells of any one single species but makes only 
general observations on preparations which happen to show a few 
stages. 

On the other hand, Senjaninova (28) -who stiidied the plastids 
and chondrisomes of the sporogenous layer in Catherina and 
PliyscomiEiiimy believes that the plastids disappear from the 
archesporial cells at about the time of differentiation of these 
cells. She describes numerous chondriosomes of various shapes 
as occurring in the archesporial cells. They, altogether with 
some of the cytoplasm, aggregate to form an irregular saucer- 
shaped structure curving about the nucleus. Senjaninova re- 
gards this structure as a complex plastid in which the elongated 
starch grains may be seen. She believes that these bodies undergo 
segmentation to form the plastids of sporogenous cells and spores. 

The latest work on such bodies in Mosses is that of Weier 
(38 V who has made some observations on the endoplasmic bodies 
during sporogenesis and spermatogenesis in Polyfrichmyi com 
A study of the plastid during sporogenesis after fixation by mito- 
chondrial, osmium and silver techniques as well as the vital studies 
show that they have striking resemblances to the golgi bodies as 
found in the insects. She draws up a comparison between the 
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similarities in structure and behaviour of plastid and golgi bodies 
before and after meiosis in PolyitricMim commune and Euscliistus 
(Bowen 1920) and feels that there must exist some relation be- 
tween the two 

Sharp (29, p. 109) seems to be inclined to the view that the 
bodies under discussion are plastids, which remain as morphologic- 
al individuals throughout the whole life-cycle of a species, assum- 
ing several shapes and sizes during certain stages of the life-cycle 
and multiplying exclusively by division. In these, the plastids 
possess an individuality comparable to the nuclei from which they 
differ conspicuously however in undergoing no fusion at the 
time of syngamy. But he does not commit himself to a definite con- 
clusion as he feels that the problem of the origin of plastids is 
greatly complicated. The pole plates of PolytricJium as described 
by Allen. (1) are supposed by him to possess a problematical rela- 
tion to the centrosomes. (l.c. p. 298). 

Wilson (35, p. 201) regards the true nature of the ‘^starch 
bodies’’ of Isoetes^ described by Marquette and the pole plates of 
Polytrichum described by Allen as still uncertain, but suggests 
that they might be taken to represent possible intermediate condi- 
tion between the amphiastral and anastral divisions in plants. 

It would be seen from the review of the work of the above 
mentioned authors that the observations of no two authors are 
similar and that each has been inclined to interpret the body in 
question as either a plastid or a centrosphere-like body. The ob- 
servations here made in Isoetes coromandelma favour the view 
that the polar bodies” are centrosomal in behaviour. They 
make their appearance in the cytoplasm just before the commence- 
ment of the division of the nucleus of the spore-mother-cells. It 
is not possible to observe the same body in the young sporogenous 
cells as it is absent in them at this stage. During the process of 
nuclear division they have a close association with the nucleus e.g. 
their invariable polar position and the formation of the achromatic 
figure in relation to these bodies. (See figs. 26 & 27). In the case 
of the spore-mother-cells of Isoetes it cannot be argued that these 
bodies come to occupy the polar positions by mere accident or 
chance. The spore-mother-cells are big enough to allow a free 
movement of these bodies in the cytoplasm and their position is 


* Eefer also to Weier, E. T., structure of the Bryophyte plastid 

with reference to the golgi apparatus'^ Amer. Jouru. of Botany, Vol. 19, 1932 
659-672. 
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not cimimseribed and determined by the location of large masses 
of cytoplasm. One cannot escape the view that there is a definite 
eorrelation between these bodies and the nuclear division, and that 
they perform the functions of a centrosome acting as division 
centres (figs. 29, 57 & 37). 

The presence of a few grains of starch, which is essentially a 
plastid product, is the only evidence as to their plastid nature. 
But the other characters as to their centrosonial behaviour are 
too many to be easily ignored. If we are to choose between the 
two views, whether the bodies are mere plastids or centrosphere- 
like bodies, we find that there is more evidence in support of the 
latter. Purtlier work as to the exact origin of the bodies in the 
mother-cells and their subsequent behaviour during spermato- 
genesis and oogenesis will be of much interest, especially in view 
of the fact that Belajeff (2, p. 795 and fig. 18) has noted twn 
biscuit-shaped bodies at the poles of the nucleus before the libera- 
tion of sperms in J. malmverniana and Takamine (31, p. 186 fig. 2 ) 
observed bodies plastid-like in appearance in the egg cells of the 
fully developed archegonium of Isoefes japonic(L 

Summary* 

1. The microsporangia are found in a very few plants. Most 
of the plants are megasporangiate. In those plants where the 
microsporangia occur, they are found among the outer sporophylls 
and not in the inner rosette of leaves. 

2. The velum, which is present in this species as a rudiment- 
ary structure, arises from the tissue between the ligule and the 
sporangium. Its origin and development show that it is an inde- 
pendent vegetative structure and not a sterilised portion of the 
sporangium, 

3. A connection between the tracheids of the velum and 
the leaf -trace bundle is established. This fact suggests that the 
velum is a fundamental part of the leaf, presumably of greater 
antiquity than the ligule. 

4. The sporangium takes its origin from a superficial group 
of cells. 

5. The early development of the two kinds of sporangia is 
similar up to certain stage when the differentiation into sterile 
and fertile regions takes place in them. 

6. The spore-mother-cells in both the kinds of sporangia are 
selected out of a uniform mass of cells and there is no evidence of 
a hypodermal archesporium at any stage of development. 
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7. In the megasporangium all the megaspore mother-cells, 
though potentially sporogenous, do not reach maturity; only a few 
of them filially mature and undergo the reduction division to form 
the spores. The unsuccessful ones divide to form smaller cells 
vliich share the same fate as the sterile tissue. 

8. In the microsporangium the changes occur relatively later 
than in the megasporangium. Here groups of cells are marked 
out to form the mother-cells most of ivhich are capable of produc- 
ing ripe spores. 

9. The sterile tissue becomes transformed into trabeculae, 
tapetum and wall cells. In the megasporangium the tissue imme- 
diately surrounding the fertile mother-cells disintegrate and 
contribute to the formation of the cavities in which the mother- 
cells lie freely. In the microsporangium only a very few cells 
adjoining the tapetum degenerate. 

10. The different phases of the reduction division are described 
in detail for both the mega- and microspore-mother-cells. 

11. Preliminary to the reduction division of the nucleus a 
'‘polar body’’ appears in the cytoplasm of the mother-cells very 
close to the nucleus. This divides twice during the prophases of 
the first division and the four resulting parts arrange themselves 
tetrahedraliy on the periphery of the cell, and are connected to 
one another by cytoplasmic strands. Later the nuclear spindle 
arises betw’een these polar bodies. After the nuclear division they 
become less prominent and disappear in the fully developed spores. 

12. The nature of this body is discussed and its centrosomal 
behaviour is emphasised. 

13. The counts of chromosomes in the diakinesis and hetero- 
typic metaphase of both kinds of spore-mother-cells and in the 
anaphase of the first division in the microspore mother-cells show 
that the haploid number for the species is 16. 

Our thanks are due to Dr. M. A. Sampathkumaran, M.A., 
Ph.D., for many helpful suggestions and criticism. 

Botanical Laboratories ^ 

Madras University, 

South India. 
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Explanation of Plates, 

All preparations were studied under a Zeiss oil iinm^ion 
apoehromatie objective X 90. The figures w^ere drawn Ifeitll the 
aid of an Abbe’s Camera Lucida and reduced to two-thirds the 
original size. 

Plate I. 

Megaspore mother-cells in division stages. 

Pig. 12. A fully developed megaspore mother-cell. X 630* 
Pig. 13. The appearance of the polar body in the cytoplasm. 

X 630. 

Pig. 14. Constriction and first division of the polar body. 

X 630. 

Pig. 15. The two polar bodies opposite to each other; also 
nucleolar budding. 

Pig. 16. Polar bodies showing the irregular granules inside 
them. Stained in piero carmine. X 630. 

Pig. 17. Synizesis; cytoplasmic strands connecting the polar 
bodies prominent; killed in mercury chloride solution. X 630. 

Pig. 18 and 19. Post-synaptic spireme; second division of the 
polar bodies. X 630. 

Pig. 20. Open spireme stage of the nucleus. X 630. 

Pig. 21. Pour polar bodies with prominent starch grains; 
stained in vsaffranin and gentian violet. X 630. 

Pig. 22. The reticulum showing local, thickenings. X 630. 

Plate II. 

Megaspore mother-cells in division stages. 

Pig, 23. Strepsinema. X 630. 

Pig. 24. Second contraction. X 630. 

'■ 3 
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Pig. 25. Diakinesis. X 630. 

Pigs. 26 and 27. Dissolution of the nuclear nienibrane and 
the disappearance of the nucleolus. Tetrapolar spindle formation. 
X 630. 

Pig. 28. Equatorial plate. X 630. 

Pig. 29. Metaphasic spindle, X 630. 

Pigs. 30“33. Heterotypic anaphase. X 630. 

Pig. 34. Interphase; with the evanescent cell-plate. X 630. 

Plate III. 

Pig. 35. Megaspore mother-cell after the first division with 
the resting daughter nuclei. X 630. 

Pig. 36. The same; prophase of the second division. X 630. 

Pig. 37. The same; second division. X 630. 

Pig. 38. The same; showing the early anaphase of the second 
division. X 630. 

Pig. 39. The same showing the formation of cell-plates at 
the equatorial region. X 630. 

Pig. 40. Separating daughter spores. X 630. 

Pigs. 41 and 42. The developing spore tetrads. X 630. 

Pig. 43. A fully developed megaspore. X 300. 

Pig. 44. A small group of microspore mother-cells just before 
nuclear division. X 1250. 

Pig. 45. A microspore mother-cell; the appearance of the 
polar body. X 1250. 

Pig. 46. The same; first division of the polar body. X 1250. 

Pig. 47. The same; two polar bodies moving away from one 
another. X 1250. 

Plate IV. 

Microspore mother-cells in division stages. 

Pigs. 48 and 49. Two polar bodies opposite to one another. 
X 1250. 

Pigs. 50 and 51, Synapsis and second division of the polar 
body. X 1250. 

Pigs. 52 and 53. Post synaptic spireme. X 1250. 

Pig. 54. Open spireme stage of the nucleus. X 1250. 

Pig. 55. Segmentation of the spireme to form the bivalents. 

X 1250. 

Pig. 56. Diakinesis. X 1250. 

Pig. 57. Metaphase. X 1250. 

Pigs. 58-62. Anaphase of the first division. X 1250, 
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Plate V. 

Pig. 63. Microspore motiier-eell ; TelopiiavSe of the first division. 
X 1250. 

Pig. 64. Inter|)liase. X 1250. 

Pig. 65. The same j prophase of the second division. X 1250. 
Pigs. 66 and 67. The same ; homeotypic metaphase. X 1250. 
Pig. 68. The same ; cell-plate formation. X 1250. 

Pig. 69. Young mierospores soon after their liberation from 
the mother cell-wall. X 1250, 

Pigs. 70 and 71. The developing microspores. X 630. 

Pig. 72. A fully developed microspore. X 300. 
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THE *ROOT-THORN’ OF BBIDELIA PUBESCENS, Kerz 

BY 

P. Parija and P. Misra^ 

Eavensliaw College^ Cuttack. 

Introduction, 

Tlie occurrence of ^root-tliom’ is very rare indeed; tlie only 
recorded cases, as far as known, are tlaose of AcanthorMza (1, 2, 
3 , 4) and Triart e a (1, 2, 3) (Palmae), Dioscorea lyreTiemiiis 
(Dioscoreaceae) (1) ; Moraea (Iridaeeae) (1) and Mtp'mecodm 
(Rubiaceae) (1) ; the last named being the only dicotyledonous 
genus. No mention, however, has been made in the available 
litei’ature regarding the ‘root-thorn^ in BrideUa piihescens Kurz, 
belonging to the family Euphorbiaceae. 

The observations presented in the succeeding pages were 
made on a small tree of B. piihescens growing in the garden at- 
tached to the botanical laboratory. A number oi* thorns were 
found growing at right angles to the axis on the main trunk as 
well as at the bases of the branches (PI. I, fig. 1). Superficially 
they looked like stem-thorns grown from adventitious buds. 
Onty during the rains they make their appearance and grow till 
about November and then turn into thorns. A splendid case of 
an old thorn producing many new branch-thorns at its tip in all 
directions at right angles, had also been noticed. In young thorns, 
the presence of a root-cap-like structure at their tips led us to 
suspect that they might be roots in origin and it was, therefore, 
thought desirable to undertake the investigation. 

Anatomical Study 

(i) Creneral: 

Longitudinal section of a young ‘root-thorn’ (PL I, fig. 4) 
shows a many-layered root-cap at the apex, behind it a many- 
layered calyptrogen which continues as the many-layered dermal 
tissue of the older region; next to it the periblem and last of all 
the central cylinder of plerome. 

(1) Goebel, K.—-Organograplij of plants, II, p. 2 8 &, 1905. 

(2) Solexeder, H. & Meyer, F. J. — Sjstematiselie Anatomie der Monokotyle- 

doaen, III, p. 81, 1928. 

(3) tViMs, X G*-— A dictionary of dowering plants and ferns pp. 10, 344: and 

648, 1925. 

(4) Small, J. — :A text -book of botany, p. 110, 1929. 
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Most of the cells of the dermal tissue and of the cortex are 
packed with so much of coloured granular matter that it is very 
difficult to demarcate the two regions sharply in a longitudinal 
section. This granular matter appears greenish yellow in the 
young stage and does not change colour on being treated with 
iron salts. The contents have not been identified but they take 
stains very easily. Probably these cells are laticiferous. The 
cells of the cortex have slightly thickened walls and the thicken- 
ing is of pitted type. 

(ii) Primanj sinicUire: 

In the stele of 'root-thorns,’ the bundles are radial. It is 
poly arch, consisting of many (fourteen to twenty) exarch xylem 
bundles alternating with as many phloem bundles (PI. II, fig. 4), 
while in the subterranean roots the number of xylem bundles is 
four to six (PL II, fig. 2). At a glance the transverse section of 
the ' root-thorn ’ looks like that of a monocotyledonous root ; on the 
other hand the under-ground root conforms to the dicotyledonous 
type. So the 'root-thorn’ is quite unlike the subterranean root. 

The endodermis is of a single layer, all the cells of which are 
filled with a yellowish green pigment. The cells of the cortex 
are fairly thin-walled with simple pits on their radial walls, as 
these pits are visible only in longitudinal sections. Several cells 
of the cortex contain the characteristic pigment noted above. The 
outermost cells of the cortex form a distinct layer which delimits 
the cortical tissue from the many-layered dermal tissue and ap- 
pears like an exodermis (PI. IT, fig. 5). Most of the cells of this 
layer contain the characteristic pigment already referred to. 

The dermal tissue is four to five cells in thickness (PL II, 
fig. 5), looking like the velamen of the orchid root, but in this case 
the cells are living and have highly granular contents which are 
sometimes greenish yellow in colour. The cell- walls are thick but 
no pits or other patterns are seen. In the young 'root-thorns’, 
excepting the outermost layer, all the cells of the dermal tissue 
are radially elongated. The outermost cells peel off as the age 
advances. 

(iii) Secondary structure: 

In the stele of the 'root-thorn’, the formation of the cambium 
is just like that in ordinary dicotyledonous root (PL II, figs. 3, 6). 
The phellogen is formed either in the outermost cells of the cortex 
or in the cells just outside this layer (PL II, fig. 7). In the 
subterranean root the phellogen forms as in ordinary dicotyledon- 
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oils roots (PL II, %. 1), i.e. in the perieycle; the endodermis, 
primary cortex and the piliferous layer all forming the bark. Ill 
the root-thorns, as in the stems, the enclodermis and the primary 
cortex with chloroplasts persist in the old region. Thus the aerial 
A‘oot-thorn' differs from the subterranean root in respect of bark 
formation. 

When the root has reached a certain age, most of the cells 
which contained the greenish yellow granular substance in the 
young stage, develop tannin. One finds such tannin-bearing cells 
distributed all over the section from the phloem to the phellogeii. 

Physiological Study, 

(i) Growth-rate: 

So long as the rains last (till about the beginning of November), 
the ^root-thorns' of the current year continue to grow and the 
rate of growth ordinarily is almost the same every day and is 
about 0 *05 cm, a day. It may be noted here that these A^oot-thorns' 
appear mostly on the side of the trunk of the tree along which rain 
water trickles down in greater quantity and which in consequence is 
more moist than the other. At the end of the rains the growth 
stops, probably due to the fall in the humidity of the atmosphere, 
the tip hardens and the roots are converted into thorns (PL I, 
fig. 3). The length of such thorns ranges from 2-5 to 6 cm. Later, 
when the stem grows in thickness due to the formation of second- 
ary tissues the older ^root-thorns' appear shorter and shorter as 
the basal portions are buried in the secondary tissues of the stem. 
At the same time, the basal region of the old ‘root-thorns’ also 
grows in thickness. The pressure exerted by the thickeshing 
thorns throws the surrounding secondary tissues of the stem into 
concentric folds (PL I, fig. 2). 

(ii) Factors controlling growth-rate : 

An attempt was made to analyse the factors controlling the 
growth of these ‘root-thorns’. 

(a) A ‘root-thorn’ of the current year was covered with a 
darkened test-tube but no provision Avas made for moisture supply. 
The bottom of the tube had been broken and covered loosely with 
black paper so as to cut off light without affecting ventilation. 
The rate of growth was slightly greater than in an ordinary ‘root- 
thorn’ and was about 0 075 cm. a day. Thus, its seems that dark- 
ness promotes growth, though slightly. 

(b) Another young ‘root-thorn’, growing about two feet 
above the surface of the soil, was just covered with sand in a box 
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raised to that height, while others growing at the same level were 
left exposed. The rate of growth in the covered ‘root-thorn' was 
measured at intervals by uncovering it. In this ‘root-thorn’, the 
rate of growth was found to be 0 4 cm. a day. In this case the ‘ root- 
thorn ’ was not only darkened but also received a greater amount of 
moisture in the sand than in the atmosphere. We thus see that 
when darkness is combined with increased moisture, the rate of 
growth is still more increased. This experiment could not be con- 
tinued longer owing to the limited space in the sand box. ‘ Root- 
thorns ’ at the same height, but uncovered, continued growing at 
the normal rate, i.e., 0 -05 cm. a day. 

(c) Yet another ‘root-thorn’ growing very close to the 
ground was covered by putting earth over it. The rate of growth 
ill this ‘root-thorn’ went on increasing in a progression of about 
0 -2 cm. every two days during the period of observation. Later 
cn, this ‘root-thorn’ was observed spreading like an ordinary 
side-root. In this case the ‘root-thorn’ could secure all the condi- 
tions of a subterranean root, i.e., darkness and optimum amount of 
moisture and hence showed continuous growth like an ordinary 
root. A ‘root-thorn’ of the previous year which was by its side but 
slightly at a higher level, had hardened in the normal course into 
a thorn, showing that it could not of its own accord grow into the 
soil. 

The following table shows the growth-rate under different 
conditions : 


Day. 

Growth-rate 
in an ordinary 
root-thorn. 

Growth-rate 
when darkened 
in the test- 
tube. 

(a) 

Growth-rate 
when covered 
with sand in 
raised box. 

(b) 

Growth-rate 
when covered 
with soil. 

(c) 

3rd. 

0*10 cm. 

0*12 cm. 

0*8 cm. 

0*9 cm. 

5th. 

0*10 cm. 

0*13 cm. 

0*8 cm. 

1*1 cm. ; 

7th. 

0*13 cm. 

0*13 cm. 

0*8 cm. 

1*5 cm. i 

9th. 

0*10 cm. 

0*14 cm. 

0*8 cm. 

1*9 cm. ! 

11th. 

0*10 cm. 

0*15 cm. 

0*8 cm. 

2*5 cm. 

13th. 

0*10 cm. 

6*15 cm. 

0*8 cm. 

3*5 cm. 
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All the 'root-thorns’ referred to above are apogeotropic and it 
is yet to be seen why they are so. 

The internal striietnre of the 'root-thorn’ which was made to 
grow into the soil has not been studied. But the internal struc- 
ture of a 'root-thorn’ after gTOwing for about a fortnight inside 
the moist sand conforms to the internal structure of an ordinary 
'root-thorn’ (PL II, fig. 4). It is interesting to note further that 
the branches of the aerial 'root-thorns’ are just like the main 
thorns in e^erj respect. 

(d) When the sandbox referred to in (b) was removed after 
five months, a 'root-thorn’ was found growing in the space between 
the box and the stem. This adventitious root had grown for some 
distance at right-angles to the stem and then on coming in contact 
with the exterior of the box had bent dowai almost A^ertically into 
the soil which w^as propping up the box. This bending had 
evidently been caused first hj contact and then probably gravity 
came into play. The root had produced four branches and a 
number of fibrous roots (text-fig. 1). 


Text-figure 1: Photograph showing a ‘root-thorny (20'' above the ground- 
level) bending down after coining in contact with the exterior of a sand-box; 
at A the root bending down due to contact; at B the first branch- root coming 
out; at C three equally developed branches; f — fibrous roots. X 2/5. 
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Sections were taken at A, B, C, D, and E. The number of 
bundles at these levels v^ere about 20 at A, about 16 at B, about 
12 at C, 8 at D and 7 at E. It is clear, therefore, that an adven- 
titious root destined to be a thorn, does not change its polystelie 
character even if it grows down into the -soil. But the fibrous 
roots produced on them possess four xylem bundles in the stele 
like the ordinary soil roots. 


Summary. 

1. ^Root-thorns^ in Bridelia piibescens, Kurz., are recorded proba- 
bly for the first time* That the thorns are morphologically roots is 
established by the study of their external and internal structure. 

2. As a result of the morphological and physiological investi- 
gations the following conclusions are drawn: 

(a) The young ^root-thorn' is polyarch like a monocotyledon- 

ous root, the outermost layer of cells of the cortex 
looks like an exodermis; and the epiblems is many- 
; layered and looks like a velamen. It has also a root- 
cap at its apex. 

(b) Secondary growth in the .stele is like that of an ordi- 

nary dicotyledonous root but the formation of phellogen 
; and bark is like that of a stem. When more second- 
ary growth takes place in the stem the older ‘root- 
thorns ' appear shorter and shorter, as their basal 
region gets buried in the stem tissues. 

(c) The ‘root-thorns’ are apogeotropic and they grow as 

long as the atmosphere is humid. 

(d) If, however, they are darkened, the growth-rate in- 

creases slightly .and when covered with soil, the rate 
is greatly increased. Light appears to have no effect 
on the direction of growth. 

(e) When the ‘root-thorns’ are covered with moist soil while 

still young, they grow rapidly but in a horizontal 
• direction. 

We take this opportunity of expressing our thanks to Mr. 
T. C. N. Singh for help in preparing the manuscript and to Dr. B. 
Salmi for the loan of some literature. 
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Explanation of Plate I. 

Pig. 1. BrideUa puhescens tree growing in the back ground of the 
Ravenshaw College Botanical Laboratory, The two 
branches on the left have the A*oot-thorns ' growing 
on them. 

Pig, 2. Ibid: A portion of the stem showing eoncentrie folds 
round an old ‘ root-thorn k 

Pig. 3. Ibid: A portion of the stem with a couple of compara- 
tively yonng ‘root- thorns’. 

h’ig. 4. Ibid: A longitudinal section of the tip of a young ‘root- 
thorn’. 


Explanation of Plate IL 

Pig. 1. BrideUa piibesoem: Transverse section of a subterranean 
old root showing secondary growth. Xi=izPrimary 
xylem; X 2 =:Secondary xylem; Ph 2 =Secondary 
phloem with stereome (S) ; P=:Phellogen; C=Cork; 
B=Bark. 

Pig. 2. Ibid : Transverse section of a young subterranean root. 

Pig. 3. Ibid: Transverse section of an aerial ‘root-thorn’ showing 
the commencement of secondary growth. Cb=: Cam- 
bium. 

Pig. 4. Ibid: Transverse section of an aerial young ‘root-thorn’ 
showing primary xylem bundles. 

Fig. 5. Ibid: Transverse section of the same showing the many- 
layered dermal tissue looking like velamen and the 
delimiting layer (Dn) of the cortex analogous to 
exodermis. 

Pig. 6. Ibid: Transverse section of an old aerial ‘root-thorn’ show- 
ing secondary xylem. 

Pig. 7. Ibid: Transverse section of the same showing the develop- 
ment of phellogen (P). 
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OBSERVATIONS ON THE BIOLOGY AND 
PHYSIOLOGICAL ANATOMY OF SOME INDIAN 
HALOPHYTES 

BY 

D. P. Mullaist, 

St, Xavier^& College, Bombay, 

{Continued from page 179 of Tol. XII, No. 2). 

Leucas aspera, Spreng, (Labiatae). 

Leucas aspera, Spreng. comes up during tlie rainy season, 
covering large tracts of tbe sandy sea-shore. 

Tlie young stems are thrown into ridges and furrows (Fig. 
198), while the mature parts are quadrangular. The epidermis 
covering the ridges or the angles is composed of thick- walled, 
narrow, vertically-elongated cells (Fig. 199) ; while that covering 
the grooves or the flat sides consists of thin-w'’alled, wide, parenchy- 
matous cells (Fig. 200). Clothing hairs are mainly confined to 
the angles. The trichomes are uniseriate and are seated upon 
pedestals formed by the dilatation of the epidermal cells (Figs. 
201, 202). Glandular hairs, similar in structure to those of the 
previous plants (16), are present on the stem. Bach gland con- 
sists of a small stalk-cell and a spheroidal or ovoid head which is 
divided by vertical w^alls into four cells (Figs. 200, 203). Ih 
t;he young parts, the glands are more numerous and larger, the 
head being composted of eight cells. The cuticle, especially in the 
region of the ribs, is thickly developed and its outer surface is 
coated wuth w^ax. In the 3 ^oung parts, the outer cortex is com- 
posed of alternating, vertical strands of eollenchyma and ehloren- 
chyma, the former occurring in the projected parts, whereas the 
latter is more or less sheltered by being placed in the shallow 
grooves (Fig, 204). Stomata occur in the region of the grooves. 
The guard cells have thick walls and prominent outer cutieular 
ridges. In the young parts, the trichomes roof over the regions 
of the stomata (Fig. 198). In the old parts, the cells of the 
epidermis and those of the cortex dilate considerably and seem to 
act mainly as the aqueous tissue. The endodermis shows Cas- 
pary's dots. Oil occurs in the cortex of the young stem (Pig. 
203 B). The secondary xylem develops more vigorously towards 
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tlie four corners of the stem. The pith gets lignified in the old 
parts. Oxalate of lime occurs in the form of simple or minute 
needle-shaped crystals or as crystal-sand. 

In the leaf, uniseriate trichomes occur on both surfaces, being 
more numerous on the lower surface (Pig. 205). As a rule, the 
trichomes on the upper surface are longer and are inserted in an 
elevated socket formed by the epidermal cells (Fig. 206). De- 
pressed glandular hairs, resembling those on. the stem, occur on 
both surfaces, being more numerous on the lower (Fig. 207). The 
lamina is 0-27 mm. thick, the upper epidermis being 0 06 inm. 
The latter seems to act as the main aqueous tissue (15). Stomata 
occur on both surfaces, being about 150 on the upper and about 
200 on the lower (Pigs. 208, 209). They are sunk in pits and the 
guard cells have thick walls and strongly developed outer cuticular 
ridges (Pigs. 210, 211). The leaf is bifacial, consisting of a single 
layer of palisade tissue and 3-4 layers of closely-packed spongj^ 
tissue. Oil and minute rod-shaped crystals occur in the mesophyll. 

Boerhaavia diffusa, Linn. (Nyctaginaceae). 

The Nyctaginaceae is represented on the sandy sea-shore by 
BoerJmwvia diffusa^ Linn, which also occurs farther inland. 

The epidermis of the stem appears opaque, in surface viewq 
due to the deposition of crystalline granules of oxalate of lime. 
On dissolving away the granules, the cells are seen to hold large 
nuclei (Pig, 212). The young parts are covered with uniseriate 
glanduiar hairs (Pig. 213) whose lower cells hold brownish con- 
tents, while the ellipsoidal head is mostly colourless. Stomata 
occur on the stem. The epidermal cells on eith^ side of the 
guard cells are thick-walled and arch over on either side of the 
stoma, hiding the latter in surface view (Fig. 214 A). As is seen 
in a cross section (Pig. 214 B), the stoma is more or less on the 
same level as the other epidermal cells, but by the arching over 
of the surrounding cells a deep, narrow chamber is formed over 
the stoma, thus producing the same effect as if the latter was 
depressed. The arching over is also repeated towards the inner 
face of the stoma. The outer cuticular ridges of the guard 
cells are prominently formed. Besides these means for reducing 
transpiration, the respiratory cavity is occluded by the intrusion 
of a thick-walled hypodermal cell (A). The hypodermal and the 
cortical cells are clear (Pig. 215). Vertically-elongated crystal 
cells, holding raphides, occur in the cortex (Pig. 216). The 
endodermis holds chloroplasts which line the inner walls. The 
anomaly, in B. diffusa, has been investigated by Maheshwari (14). 
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The phellogen layer arises subepidermally or in a deeper layer 
of the cortex (Pig. 217). The, basal part of the stem acts as a 
storage organ : the cells of the cortex, the conjunctive tissue and 
the pith being fully loaded with starch. 

In the petiole, glandular hairs occur on the abaxial surface. 
A few stomata are confined to the, sides of the petiole where the 
respiratory cavity is occluded as in the stem. Heimeii (10) has 
demonstrated the deposition of crystalline granules of oxalate of 
-lime in the walls of the epidermal cells of the leaves of Boerliaama, 
In B, diffusa, the crystalline deposition is more pronounced on 
the undersurface of the leaf. Uniseriate glandular hairs arise on 
both surfaces, being more numerous on the lower. The majority 
of hairs are short (Pig. 218), while the long ones are mainly 
confined to the lower surface (Pig. 219). The hairs resemble, 
in structure and contents, those of the stem. Stomata are equally 
abundant on both surfaces (Pigs. 220, 221), being about 150 per 
sq. mm. in the halophytic form; while in inland forms, they are 
about 100 — the apparent increase in the halophytic form being due 
to the reduction of the leaf surface. The characteristic arching 
epidermal cells of the stem do not accompany the stomata of the 
leaf (Pig. 222), but instead, the cuticle around each stoma arches 
outwards and forms a shallow pit (Pigs. 223, 224). The latter 
is filled up with crystalline granules, thus clogging the outer 
stomatal opening. The outer as well as the inner cuticular ridges 
of the guard cells are prominently developed and closely approxi- 
mated. The respiratory cavities are reduced on both surfaces. 
The- cuticle is thickly developed, being more pronounced on the 
lower surface. The epidermal cells on both surfaces are deep 
and seem to act as the aqueous tissue (15). The lamina is 
0-37 mm. thick, each epidermis being 0-06 mm. The leaf 
structure is bifacial. After the monsoon, the palisade cells 
of the old leaves get somewhat dilated and seem to act as 
subsidiary water-reservoirs. Small aggregate crystals arise at the 
upper ends of the palisade cells. The latter are interrupted, at 
intervals, by idioblasts (resembling in outline the palisade cells) 
holding raphides. Tannin-bearing cells also occur in the palisade 
tissue. The lowermost spongy cells are dilated and more or less 
clear (Pig, 224). This layer seems to correspond to the aqueous 
tissue noted by Sabnis (19) in a xerophytic form of the plant. 
The veins are all invested by a sheath of thick-walled, closely- 
fitting, more or less funnel-shaped cells holding large, imniobile 



238 THE JOIJBNAL OE THE INDIAN BOTANICAL SOCIETY. 

ehloroplasts (with included starch) at their narrow, basal ends 
(P%s. 225, 226). The spongy tissue is traversed by elongated 
idioblasts (holding raphides) which run parallel to the leaf sur- 
face. 

The root also shows anomalous growth. Crystal cells, hold- 
ing raphides, occur in the cortex. The primary root acts mainly 
as a storage organ, being fully loaded with starch, and attains a 
diameter of 10-15 mm. 

In plants growing inland, the glandular hairs on the young 
stem are few in number and are mostly devoid of contents. In 
the stem, the cells accompanying the stomata form a comparative- 
ly wider chamber (Pig. 227). Furthermore, the respiratory 
cavity is not occluded by the intrusion of a hypodermal cell and 
the outer cuticular ridges of the guard cells are not closely ap- 
proximated. The chlorenchyma is fully developed in the stem 
and leaf. In the leaf, the lower epidermis shows the typically 
mesophytic characteristic in the irregularly wavy lateral walls 
(Pig. 228). In the stomata, the outer openings are not clogged 
by crystalline granules and the cuticular ridges are not promi- 
nently developed (Pig. 229), 

Celosia argentea, Linn. (Amaranthaceae). 

Celosia argentea, Linn, is found growing in diiferent soils 
and under varying conditions. The plant comes up during the 
rains and is often found on the sea-shore. Like the previous 
plants, the shoot of the maritime form of the plant is quite stunted 
in growth (Pig. 230), while that of the inland form is very luxuri- 
antly developed (Fig. 231). 

The stem of the halophytic form is grooved. The epidermal 
cells, as well as the outer cortical cells, vary according as they 
form part of the groove or the ridge. The epidermis of the ridges 
is composed of thick- walled cells, which are elongated in the direc- 
tion of the long axis of the stem (Pig. 232) ; while the cells of 
the groove are thin-walled and appear somewhat polygonal in 
surface view (Pig. 233). The cuticle is thickly developed on the 
ridges. Stomata are confined to the grooves and the guard cells 
have thick, outer cuticular ridges (Fig. 234). The ridges of the 
stem are stiffened by colienchyma, while, in the region of the 
groove, the epidermis is follow^ed by a single layer of chlorenchy- 
ma, consisting of thin-walled, palisade-like cells (Pigs. 234, 235). 
Thus the colienchyma and the chlorenchyma form alternating 
strands in the young stem. Aggregate crystals and coarse 
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granules of oxalate of lime oeenr in the cortex The nature of 
the anomalous structure of the stem has been demonstrated by 
de Bary (1) and by Solereder (23). 

In the petiole, the chlorenchyma is confined to the two sides 
and consists of 2-3 layers of loosely-arranged palisade-like cells 
(Pig. 236). Stomata are more numerous in the region of the 
chlorenchyma. Large crystal cells, holding crystal-sand, occur 
towards the under side of the main vein and at the sides of the 
petiole (Pig. 237). Stomata occur on both surfaces being 75 
on the upper and 200^225 on the lower (Pigs. 238, 239). The 
apparent large number of stomata is again due to the great reduc- 
tion of the leaf surface in the maritime form. The leaf structure 
inclines more towards the isolateral type, the mesophyil tissue 
being composed of more or less oblong cells (Pigs. 240, 241). The 
minor veins are surrounded by a sheath of large, clear, parenchy- 
matous cells (Pig. 242). At times, the cells (k) of the lower 
face of the veins hold crystal-sand. The old leaves become thick 
and succulent and assume a pale yellow colour. The lamina 
of the functional leaf is 0 *64 mm. thick, while in the old leaves 
it is nearly 1*5 mm., being thicker towards the margin. The 
thickness of the old leaves is seen to be due to the dilatation of 
the mesophyil cells (Pigs. 243, 244). The chlorophyll content 
of the old leaves is poor. A comparison of figures 240 and 241 
with Pigs. 243 and 244 (all magnified equally) brings out clearly 
the extent of the dilatation of the mesophyil cells in the case of 
the old leaves as compared to those of the functional leaves. 
Thus the old leaves act mainly as water reservoirs and resemble 
the old leaves of some of the previous plants (15). 

The internal anatomy of the plants growing inland shows 
several mesophytic characters. The stem is' more prominently 
grooved, the collenchyma being more fully developed. The assi- 
milatory tissue is very prominently developed in the stem, petiole 
(Pig. 245) and leaf. The lamina is thin, being one-half that of 
the halophytic form. In the mesophytic form, the lower epider- 
mal cells have more wavy lateral walls (Pi^. 2.46) and the leaf 
structure is typically bifacial (Pig. 247), 

Sesuviutn portulacastrum, Linn. (Picoideae). 

Sesuvmm porUilacastnim<^ hinn. is one of the few succulent 
xerophytes growing on the sea-shore, either on the verge of the 
high-water mark, or on the dry sands. The stout, fleshy stems 
creep along the sands, rooting at the nodes (Pig. 248). This 
4 
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habit facilitates vegetative multiplication, for, when parts of the 
stem get separated, e.g,, by the action of the tides, they are able 
to take root and establish themselves when washed ashore. 

The anatomical structure is typical of the succulents. The 
cuticle of the stem is well developed and impregnated with mucib 
age. The outer cortex is composed of vertically elongated cells. 
At times, the intercellular spaces of the cortex are seen, in preserv- 
ed material, to hold a yellowish substance which proves to be 
mainly mucilage (Fig. 249). Anthocyanin occurs in the epider- 
mis and in the outer cortex of the exposed parts. A few chloro- 
plasts and starch grains occur in the cortical cells. The inner 
cortex becomes lacunar by the cells getting tangentially stretched 
and developing schizogenous cavities (Fig, 250). Begnault (18) 
and Solereder (24) have noted an anomaly in the rising of suc- 
cessive arcs of meristem outside the first normal ring of vascular 
bundles. Starch occux's in the medullary rays and in the pith. 
Crystal cells, with aggregate crystals, are present in the cortex 
and the pith, Cork originates in the region of the lenticels which 
arise on the basal part of the stems. 

The leaves vary in shape on different soils, being mostly 
linear or spathulate-oblong. On dry soil and during the hot 
season, they are reduced and tend to become sub-eylindric. Sole- 
reder (24) and others have noted the occurrence of large, bladder- 
like, water-storing cells in the epidermis of B. portulacmtrum. In 
the individuals growing on the sea-shore, no such cells are found. 
Oil is present in the epidermis (Fig. 252) and anthocyanin occurs 
in the cells at the apex and the margins. Stomata are equally 
abundant on both surfaces, being 75 per sq. mm. (Fig. 251). 
The guard cells have thick walls and the outer cuticular ridges 
are thickly formed (Fig. 252). The cuticle is impregnated with 
mucilage. The leaf structure is isolateral and consists of a central- 
iy-placed aqueous tissue which is surrounded by 3-4 layers of 
palisade cells (Figs. 253, 254). Towards the lower surface, the 
palisade tissue is less prominently developed. In a lamina 2.4 
mm. thick, the aqueous tissue occupies 1 *5 mm. Except for the 
X)resence of a few chloroplasts and starch grains, the cells of the 
aqueous tissue are clear. Crystal cells, with aggregate crystals, 
occur on the inner face of the palisade tissue. These crystal 
cells are peculiar in that they hold ehlomplasts which are arrang- 
ed around the inner walls (Fig. 254, k). Wound cork develops 
on the lamina whenever it gets injured. 
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The cortex of the root shows sehizogenoiis lacunae (Fig. 255). 
The anomaly in the root is brought about by ares of meristem aris- 
ing in the pericycle and producing secondary bundles and conjunc- 
tive tissue. The secondarjr bundles arise at first on either side of 
the primary bundles which form an axile strand (Fig. 256 A). As 
growth proceeds, fresh bundles are added all round the primary 
(^ 1 .) strand (Fig. 256 B). The secondary bundles (^^ 2 ) ultimately 
fuse and form a ring (Fig. 256 C). The same process is then 
repeated on either side of the first ring of secondary tissue by the 
arising of ares of meristem. Later, fresh bundles are added 
which also fuse and form a second ring (%) around the first one 
(Fig, 256 D), and so on. Starch occurs in the cortex and in the 
conjunctive tissue. Cork {h) arises superficially. 

Suaeda nudiflora, Moq. (Chenopodiaeeae). 

Suaeda nudiflara^ Moq. is another succulent xerophyte which 
is often found growing near the sea. During the dry season, the 
leaves assume a semi-terete form, thereby reducing the evapora- 
ting surface. 

The internal structure shows many of the peculiarities of the 
succulents. The young stems are soft and fleshy, while the older 
parts are woody. The cuticle is not prominently developed. A 
few stomata are present on the young parts. The stomata are 
abnormally placed, with their openings arranged transversely 
to the long axis of the stem (Fig. 257). The epidermal cells 
surrounding each stoma are raised above the general surface of 
the stem (Fig. 258). The epidermis is succeeded by a layer of 
more or less collenchymatous cells with the thickenings at the angles 
pierced. The rest of the cortex consists of thin-walled, vertically- 
elongated cells. In preserved material, the intercellular spaces 
of the cortex are seen to hold a yellowish substance which proves 
to be mainly mucilage (Fig. 259). Oil occurs in the epidermis 
and the cortex. Crystal-sand and aggregate crystals of oxalate 
of lime are present in the cortex. Anthocyanin is mainly con- 
fined to the endodermis, though it also occurs, here and there, 
in the epidermis and hypodermis of the exposed parts; A pecu- 
liarity of the young stem is the position of the chlorophyll tissue. 
Very few chloroplasts occur in the cortex; while they are present 
in the endodermis and are even to be found wdthin the stele, oc- 
curring in the pericycle, the conjunctive tissue and towards the 
inner face of the primary bundle. Secondary thickening leads 
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to an anomalona growth. The anomaly is produced by successive 
rings of cambium which arise centrifugally in the pericycle, near 
the inner margin of the bast fibres. The meristem produces secon- 
dary bundles and conjunctive tissue composed of thick-walled/ 
lignified, prosenchymatous cells. In the bundles, secondary 
xylem is produced internally and soft bast externally. Thus in 
a cross section, the vascular bundles are seen to be embedded (in 
a more or less concentric manner) in a thick ring of conjunctive 
tissue. In the young parts, the pith consists of thin-walled cells, 
holding oil and chloroplasts ; while in the old parts, it gets pitted 
and lignified. The phellogen layer arises in the pericycle (Pig. 260) . 

The thickness and shape of the leaves vary according to the 
soil. The epidermal cells are deep, evidently acting as water 
reservoirs. In a leaf 1*7 mm. thick, the epidermis, on either 
surface, is 0*15 mm. deep. The cuticle is poorly developed and 
the outer surface is coated with granules of wax. Oil occurs in 
the epidermis. Stomata are small, few and equally distributed 
on both surfaces, being about 50 per sq. mm. (Figs. 261, 262). 
Solereder (24) has noted the occurrence of subsidiary cells, placed 
parallel to the pore, in the leaves of S. frutioosa. In 8. nudiflora^ 
similar cells occur, but mostly on one side of the guard cells (Pig. 
262) and that too not in all cases'. The stomata are abnormal 
in that the pores are placed transversely to the direction of the 
median vein. They are slightly depressed and have small, outer, 
eutieular ridges (Pig. 263). The leaf structure of 8. nudiflora 
isolateral (Pig. 264) and resembles that of 8. ForskalUi, Solms., 
8, pruinosa, Lge* and 8. vermiculata^ Porsk. described by Solms- 
Laubaeh (25). The palisade tissue consists of a single layer of 
short cells which is followed by collecting cells (Figs. 265, 266). 
The hollow cylinder formed by these assimilatory cells is filled up 
by a central, aqueous tissue {a) consisting of large, thin-walled 
cells which are mostly elongated at right angles to the leaf surface. 
In a leaf 1*7 mm. thick, the aqueous tissue is seen to occupy 1*3 
mm. The veins are embedded in the aqueous tissue. The old 
leaves have a tendency to turn yellow and become thick (Pig. 267). 
Such leaves seem to act mainly as water reservoirs like the old leaves 
of some of the previous plants (15). They get more than twice 
as thick as the functional leaves, the thickness being due to the 
dilatation of the aqueous tissue. 

The anomalous structure of the stem is repeated by the root. 

A peculiarity of the anomalous growth, as described by Fron (6) 
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ill the various species of Suaeda^ is that the vasenlax’ bundles 
exhibit a spiral growth (Pig. 268). 

Arthrocnemum iiidicum, Moq. (Clienopodiaeeae). 

Arthrocnemum indioimi, Moq. is an aphyllous succulent which 
is found growing on wet^ saline soil. The plant is an annual and 
dies down at the end of the dry season, after producing seeds 
which germinate on the advent of the rains. The stems are fleshy 
and become woody towards the base. 

The cuticle is feebly developed and the outer surface is striat- 
ed. The stomata (Pig. 269) are few and are abnormally arranged, 
as in the last plant. They are even with the surface and the 
guard cells have thick walls and prominent outer cuticular ridges 
(Pig. 270). The epidermis is followed by 2-3 layers of palisade- 
like cells some of which hold oil. This hollow cylinder of chloro- 
phyll tissue is filled with a prominently-developed aqueous tissue 
composed of large, parenchymatous cells (Pigs. 271, 272). Sphaero- 
crystals and crystal-sand occur in the aqueous tissue. The latter is 
supported on its outer face, i.e. just beneath the palisade cells, by a 
network of feebly-lignified vascular tissue, the xylem part of which 
points inwards and consists of spiral and pitted elements. In 
A, indicum, Duval-Jouve (4) and Dangeard (3) have noted the 
absence of sac-like tracheides which occur in some species of 
Arthrocnemum. The stele is contracted. Sabnis (3) has noted 
an anomalous structure in JL. indicum. Irregular crystals of 
oxalate of lime occur in the pith. The phellogen layer arises in 
the pericycle, immediately internal to the endodermis. Hence, at 
the basal part of the stem, the assimilatory and the aqueous tissues 
are thrown off. 

In the root, the primary cortex is lacunar (Pig. 273). The 
cortical cells are somewhat vertically elongated and the lacunae 
are schizogenous in origin. Prom its lacunar cortex it is seen that 
A, indicum is adapted, like the plants of Part I, to living in the 
badly-aerated mud near the sea. The anomalous structure of the 
stem is repeated by the root. The greater portion of the root is 
composed of conjunctive tissue in which the secondary vascular 
bundles are embedded more or less concentrically. Cork develops 
superficially and is composed of lignified, phelloid cells — again, 
a characteristic feature of the plants of Part I. 

Seedlings of A. indicum were removed from their natural habh 
tat and grown under mesophytic conditions for nearly seven months. 
In the halophytic form, the branches remain close to the main 



244 THE JOUENAL OF THE INDIAN BOTANICAL SOCIETIL 

stem, tliiis pointing their apices to the sky ; while, under mesophy- 
tic conditions, they spread out more or less horizontally. In the 
stem of the mesophytic form, the chlorophyll content is more 
abundant, giving the branches a bright green colour. The epider- 
mal cells are less deep and the palisade tissue is more loosely ar- 
ranged (Pig. 274). The network of vascular tissue is composed 
of wider elements. The endodermis, which is clear in the halo- 
phytic form, shows the presence of starch grains. The aqueous 
tissue gets reduced (Pig. 275), with the consequence that', under 
mesophytic conditions, the branches are thinner than those of 
the halophytic form. 

Discussion 

Of the two groups of halophytes, the plants of the salt swamp 
are all perennial evergreen shrubs or trees with thick, leathery 
leaves. The seeds or seedlings of the mangroves are mainly 
dispersed during the monsoon. In their internal structure 
the plants show a remarkable general similarity. In the 
stem, the inner cortex, as a rule, develops schizogenous lacunae. 
The otherwise soft cortex is strengthened by sclerenchymatous 
elements in the form of long, H-shaped spicules or multiradiate 
sclereides or stone-cells. In most stems, the secondary cortex gets 
differentiated as an aerating tissue. The pith, at maturity, gets 
pitted and lignified, thus adding to the mechanical strength of the 
stem. Since the pith also acts as a storage tissue, the possession 
of pits is advantageous, for, as Haberlandt (9) has pointed out, 
it facilitates an active interchange of materials between the cells 
and with those of the contiguous conducting parenchyma. In the 
leaf, there is a strongly developed cuticle whose protective func- 
tion is further augmented by a coating of wax. Stomata are 
prominently depressed and the outer cuticular ridges of the guard 
cells are thickly developed and form a distinct hyperstomatie 
chamber. In some cases, the efficiency of the outer vestibule is 
further increased by the splitting of the cuticular ridges which 
thus form a double chamber over the stoma proper. In all cases, 
save one, the stomata are confined to the undersurface of the leaf 
and are, on an average, about 129 per sq. mm. The leaves of the 
halophytic forms in general are thicker and more succulent than 
those of the mesophytic forms of the same plants. Lesage (13 » 
has proved that the presence of salts in the soil is the main cause 
of succuleney in the maritime plants. The leaves of the man- 
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groves are much, thicker than those of the psammophilons halo- 
phytes and the thickness is seen to be due mainly to a specially 
developed aqneons tissue. With the exception of one individual, 
the water-tissue occurs beneath the upper epidermis of the leaf 
and, in a few cases, a similar, but less prominent, tissue also occurs 
beneath the lower epidermis. On an average, the leaves are 0 55 
mm. thick, while the subepidermal aqueous tissue occupies 0T9 
mm. of the total thickness. Schimper (22) regards the aqueous 
tissue of the halophytes as: specially adapted to guard against 
the injurious concentration of salt in the assimilating cells; while 
Warming (27) inclines to the opinion that a peripheral aqueous 
tissue, in addition to acting as a water reservoir, serves to check 
the penetration of heat rays and thereby retards transpiration. 
According to Faber (5) the water-tissue of the mangroves is a 
^^cataplastic hypertrophy’’, caused by the high osmotic pressure 
of the cells. Under mesophytic conditions, the aqueous tissue 
shows a tendency towards reduction (15). A marked peculiarity 
of the leaves of several plants is the occurrence of cork-warts 
which may be a means of reducing transpiration. The glandular 
hairs of the mangroves resemble the salt-glands of some desert 
plants. Incrustations of hygroscopic salts were observed on the 
leaves of several mangroves (16). Keller (12) regards the ex- 
cretions of easily soluble salts as an external osmotic mechanism 
which sucks water from the interior of the plant; while Faber (5) 
is of opinion that it prevents too great a concentration of salt in 
the leaf tissue. According to Schimper (22) the xerophilous 
structure of the halophytes is directly due to the salt content of 
the substratum which makes the latter physiologically dry. The 
investigations of Faber (5) have shown that the theory of physi- 
ological drought rests on slender evidence. The latter author is 
of opinion that the mangroves are facultative halophytes showing 
comparatively weak xerophytie characters. 

The most striking modification in the root of the mangroves 
is the development of an aerating system which, in some cases, is 
further elaborated by the production of pneumatophores. This 
aerating tissue does not originate in the phellogen, as is the case 
in several marsh plants (20), but is formed by the primary cortex. 
The latter is composed of a loose parenchyma whose cells, in many 
ea^es, are radially stretched and hang together by short, lateral 
arms. The prominent cortical lacunae evidently serve for the 
transport of oxygen from the air, either through the pneumato- 
phores or through the lenticels which are thickly developed on the 
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basal part of the stem. Even when the plants are grown out of 
the salt swamp, the lacunar cortex persists — thus giving support 
to GoebeLs (8) view that it is not a variable, reaction structure, but 
is a fixed congenital one. A characteristic of the lacunar cortex is 
the occurrence of strengthening ridges which form a pretty coher- 
ent, feebly-lignified network. The ridges are . elastic and seem to 
serve as a device against side pressure, as suggested by Warming 
(28). In cases where the ridges are absent, their places are taken 
by peculiar thickening plates with annular slits. In several cases, 
the cortical tissue is further supported by multiradiate sclereides, 
which seem to act like the internal hairs of the aquatic and marsh 
plants. Karsten (11), Goebel (7) and Schenck (21) have shown 
that the function of the pneumatophores is to supply the sub- 
merged parts with oxygen for their respiration. In cases where 
the breathing roots are absent, the abundant development of lenti- 
cels and of cortical lacunae in the epigeous parts of the stilt-roots 
or on the basal part of the stem, seems to suggest, as is shown by 
Goebel (8) in the cavse of marsh plants, that these parts help in 
the exchange of gases for the submerged roots. The structure 
of the pneumatophores, and of the aerial parts of the stilt-roots, 
inclines more towards that of the stem. Thus the stele, which is 
contracted in the terrestrial root, expands in the epigeous parts; 
and sclereides, when present, occur more abundantly in the part 
which is in the air than that which is buried in the mud. In both 
the stem and the root of the mangroves, the cork is not of the 
usual suberised type but consists of lignified, phelloid cells. 

Of the psammophilous halophytes, the annuals shovr less xero- 
phytic characteristics than do the perennials. Since the former 
live only during the monsoon, they are not faced with the same 
difficulty as are the perennials. The intense insolation that pre- 
vails on the sea-shore is much tempered during the cloudy mon- 
soon days. Thus the more equable climate, coupled with a supply 
of fresh water, seems to determine the less xerophilous structure 
of the annuals. The perennials, on the other hand, show marked 
xerophytie characters. The chief modifications of the anatomic- 
al structure are again concerned with the storage of water and 
the reduction of transpiration. Since the leaves, in most cases, 
are reduced in size and number, the stem region takes up the 
assimilatory activities. In such cases, the chlorophyll tissue is 
protected either by being placed in grooves or by being covered by 
a felting of trichomes. In glabrous stems, the ehloroplasts are 
screened from the intensity of light by being placed in cells which 
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are elongated at right angles to the outer surface of the stem. 
That this palisade-like form of the assimilatory cells is deterniined 
by the intensity of light, is seen from the fact that they occur only 
on the exposed side of the stem. Furthermore, the palisade-like 
cells are seen to develop in the halophytic forms, while, in the 
mesophytic forms of the same plants, the chlorophyll tissue is 
composed of roundish-polygonal cells. As in the mangroves, the 
pith, at maturity, gets pitted and lignified. The leaves are either 
small and crowded together or assume the profile position. The 
cuticle is well developed and in most cases covered with wax. In 
the majority of the sand plants, stomata occur on both surfaces 
and are, on an average, 83 per sq. mm. on the upper and 95 on 
the lower surface. The stomata are protected by being placed in 
grooves or pits; and when they are even with the surface, they 
are covered by triehomes. In a few cases, the cavity of the pit 
is filled with wax or with crystalline granules which evidently 
serves to reduce transpiration. The outer cuticular ridges are 
not so well developed as in the mangToves. Unlike the latter, in 
the psammophilous halophytes no special aqueous tissue is devel- 
oped, but the storage of water is taken up by the upper epidermis 
which consists of deep, clear cells (15). On an average, the leaf 
is 0-29 inm. thick, the upper epidermis occupying 0*046 mm. of 
the total thickness. The leaves of several perennials are seen 
to store up water. This is especially marked in the cases of old 
leaves which become very thick and succulent. Such leaves have 
poor chlorophyll content and seem to serve essentially as water 
reservoirs for the younger leaves (15). 

Many of the psammophilous halophytes are also found grow- 
ing inland. The configuration and anatomical structure of such 
plants differ in several respects from the individuals growing 
near the sea. The stunted shoot of the halophytic form develops 
luxuriantly under mesophytic conditions. Thus the ready access 
or difficulty in obtaining water and a sheltered or exposed situa- 
tion are seen to have a marked influence on the growth and devel- 
opment of the two forms. In the inland form, the chlorophyll 
tissue is abundantly developed. The pith of the stem region re- 
mains thin-walled, unpitted and unlignified. A marked character- 
istic of the inland forms is the modification that takes place in 
the lower epidermis of the leaf. Under halophytic conditions, the 
latter is seen, in suiffaee view, to be composed of small cells with 
straight lateral walls; while, iinder mesophytic conditions, it con- 
sists of large cells with irregularly w^avy walls, thus giving a 
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greater diffusion surface to the substances passing from cell to 
cell. The leaves in the inland form are thinner and the upper 
epidermis is less deep (15). 

The three succulent halophytes agree in having certain com- 
mon characteristics of their own. The stomata are not protected 
in any way and the cuticle is poorly developed. On an average, 
stomata are 50-75 per sq. mm. The leaf structure is isolateral 
vuth a centrally placed aqueous tissue and a comparatively poorly- 
developed, peripheral chlorophyll tissue. 

Of the various cell contents three seem to be pretty constant 
in a large majority of the coast vegetation. The first one is an- 
tliocyanin which is specially developed in those aerial parts which 
are not covered with hairs. It is related to the position of the 
part to light and seems to serve as a protective screen against 
intense illumination. In most plants, it occurs in the epidermal 
or subepidermal cells, being interposed between the chlorophyll 
tissue and the light. But when the chlorophyll tissue is deep- 
seated, e.g.f in the stem of Suaeda 7tiidifloray anthocyanin also 
occurs in an inner layer (endodermis) which abuts upon the 
chlorophyll tissue. The commonest cell contents are, however, 
tannin and oil. That tannin is produced for some definite pur- 
pose and is not a mere by-product which occurs under all circum- 
stances is seen from the fact that, when the halophytes are culti- 
vated under mesophytic conditions, very little tannin is developed. 
Warming (26) suggests that tannin, in connection with the hygro- 
scopic capacity of acids, would afford a protection against desicca- 
tion; while Faber (5) thinks it probable that tannin may be 
playing an important part in the generation and regulation of 
turgor-pressure. In the halophytes, it occurs most abundantly in 
the aerial parts and is present even in the seedling stage. Like 
tannin, oil also occurs at an early stage, being present in the 
seedling. It occurs in the aerial parts and is one of the most 
conspicuous features of the leaves of the halophytes. Pfeffer (17) 
suggests that it is possible that the presence of oil increases the 
power of resistance to desiccation. 
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Explanation of Plates. 

The initial magnification is indicated after each figure. All 
the figures have been reduced to about one-third in reproduction. 

Leucas aspera. Spreng. 

Fig. 198. — T. S. young stem: c, collenchyma; ch, chlorenchyma. 
(X 41). 

Fig. 199. — Epidermis, stem: g, gland; i, trichome. (X 500). 

Pig. 200. — Epidermis, stem: region of the groove. (X 500). 

Fig. 201. — T. S. stem, showing a trichome. (X 240). 

Fig. 202.— do. do. (X 500). 

Fig. 203. — T. S. stem, showing a gland ; A, on the ridge ; B, on the 
groove. (X 500). 

Fig. 204. — T. S. stem : c, collenchyma ; ch, chlorenchyma, ( X 500) . 
Pig. 205. — T. S. leaf, showing a trichome on the lower surface. 
(X 240). 

Fig. 206. — do. do. on the upper surface. (X 240). 
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Pig. 207. — A gland on the upper surface of the leaf : A, in surface 
view; in cross section. (X 500). 

Pig. 208. — Leaf: upper epidermis; g, gland; trichome. (X 240). 
Pig. 209. — Leaf: lower epidermis. (X 240). 

Pig. 210. — T. S. leaf: upper epidermis; p, palisade cells with 
oil. (X 500). 

Fig. 211. — T. S. leaf: I, lower epidermis ; ,% spongy tissue. (X240). 

Boerhaavia diffusa, Linn. 

Pig. 212.— Stem: epidermis. (X 240). 

Pig. 213. — Stem glandular hair. (X 500). 

Pig. 214. — Stem, showing the structure of the stoma : A, in sur- 
face view; By in cross section. (X 500). 

Pig. 215, — T. S. stem: e, epidermis ;7i, hypodermis; endoder- 
mis. (X 500). 

Fig. 216.— L. S. stem, showing the cortex (X 240). 

Pig. 217. — T. S. stem, showing the phellogen layer, p, (X 180). 
Pig. 218. — ^Leaf: a glandular hair on the upper surface. (X 500). 
Pig. 219.— do. do. on the lower surface: A, in sxirface 
view; By in cross section. (X 500). 

Pig. 220. — ^Leaf: upper epidermis. (X 240). 

Pig. 221. — ^Leaf: lower epidermis. (X 240). 

Pig. 222. — ^Leaf: lower epidermis. (X 500). 

Phg. 223. — T. S. leafrey upper epidermis; ^^ crystalline granules; 
p, palisade cells. (X 500). 

Fig. 224. — T. S. leaf : ly lower epidermis ; Sy spongy tissue. (X 500). 
Pig. 225.— T. S. leaf, showing the festoons of cells around a vein. 
(X 240). 

Fig. 226. — T, S. leaf, showing the festoon around a longitudinally 
cut vein. (X 240). 

Fig. 227. — T. S. stem: mesophytie form. (X 500). 

Fig. 228. — ^Ijeaf: lower epidermis of the mesophytie form. (X 240) . 
P"ig. 229. — T. S. leaf: mesophytie form. (X 240). 

Celosia argentea, Linn. 

Pig. 230. — 'Photograph, showing the halophytic forms. 

Pig. 231. — ^Photograph, showing the mesophytie forms. 

Phg. 232. — Stem: epidermis from the ridge. (X 240J. 

Fig. 233. — do. do. from the groove. (X 240). 

Pig. 234. — T. S. young stem, showdng palisade-like cells of the 
cortex. (X 500). 

Pig. 235. — T. S. stem: Cy collenchyma; c/x, ehlorenchyma, (X 240). 
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Fig. 236.— T. S. petiole: c, cortical cells. (X 500). 

Fig. 237. — T. S. petiole (semi-diagrammatic) : h, crystal cells; 

V, vascular bundles; cli, cblorencbyma. (X 41). 

Pig. 238. — ^Leaf: upper epidermis. (X 240). 

Pig. 239. — ^Leaf: lower epidermis. (X 240). 

Fig. 240. — T. S. leaf : e, upper epidermis; p. palisade cells. (X 240). 
Pig. 241. — T. S. leaf: I, lower epidermis; s, spongy tissue. (X 240). 
Pig. 242. — T, S. leaf, showing the sheath around a vein: p, pali- 
sade cells; crystal cells; v, vein. (X 240). 

Pig. 243. — T. S. old leaf: e, upper epidermis; p, palisade cells. 
(X 240). 

Pig. 244. — T. S. old leaf: I, lower epidermis; spongy tissue, 
(X 240). 

Fig. 245. — T. S. petiole of the mesophytic form : cJi, chlorenchyma. 
(X 41). 

Pig. 246. — Leaf: lower epidermis of the mesophytic form. (X 240). 
Fig. 247. — T. S. leaf: mesophytic form. (X 240). 

Sesuvium portulacastrutn Linn. 

Pig. 248. — ^Photograph, showing the halophytic form. 

T’ig. 249. — T. S. stem, showing the outer cortex. (X 500). 

Pig. 250. — T. S. stem, showing the inner cortex. (X 240). 

Pig. 251. — Leaf: upper epidermis. (X 240). 

Pig. 252. — T. S. leaf: upper epidermis with a stoma. (X 500). 
Fig. 253. — T. S. leaf: upper epidermis; p, palisade cells. 

(X 240). 

Pig. 254. — T. S. leaf: palisade cells; a, aqueous tissue; h, crys- 
tal ceil. (X 240). 

I’ig. 255. — T. S. root, showing the lacunar cortex with starch, 
(X 240). 

Pig. 256. — T. S. root, showing the anomalous gro'wth. Explana- 
tion in the text. (X 30). 

Suaeda nudiflora, Moq. 

Fig. 257.— Stem: epidermis, (X 500). 

Fig. 258.— T. S. stem: g, guard cell of the ab};ormally qdaced 
stoma. (X 500). 

Fig. 259. — T. S. stem, showing the cortex. (X 500). 

Fig. 260. — T. S. stem : p, phellogen ; li, hard bast. (X 240). 

Fig. 261. — ^Leaf : upper epidermis. (X 240). 

Pig. 262. — ^Leaf: lower epidermis. (X 240). 
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Fig. 263. — ^Leaf : section parallel to the main vein, showing a 
stoma. ( X 240). 

Fig. 264. — Photomicrograph; T. S. leaf. (X 82). 

Pig, 265. — T. S. leaf; palisade cells; c, collecting cells; 

aqueous tissue; guard cell. (X 240). 

Pig, 266.— T. S. leaf. (X 51). 

Fig, 267. — Photograph, showing the thick old leaves. 

Pig. 268. — ^Photomicrograph: T. S. root. (X 30). 

Arthrocnemum indicutn, Moq* 

Pig^ 269. — Stem: epidermis. (X 500). 

Pig. 270. — Tangential L. S. stem, showing a stoma. (X 500). 
Pig. 271. — Photomicrograph: T. S. stem. (X 60). 

Pig. 272. — T. S. stem: p, palisade cells; aqueous tissue; 

guard cell; vascular bundle. (X 150). 

Fig. 273. — Photomicrograph; T. S. root. (X 180). 

Pig. 274. — T. S. stem of the mesophytic form: p, palisade cells; 

vascular bundle; a, aqueous tissue. (X 150). 

Pig. 275. — Photomicrograph: T. S. stem of the mesophytic form. 
(X 60). 
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SOM,E ABNORMAL FLOWERS OF ABGEMONE 
MEXIGANA, LINN. 

BY 

A. C. JoSHI, 

Benares Hindu TJnwersity, Benares. 

With one plate and nine figures in the test. 


Introduction. 

Three plants of Argemone mexicana Linn. (Papaverace^), 
bearing flowers very different from the normal, were collected by 
the writer in the first week of April, 1931, from a field near 
Hoshiar Pur in the Sub-Himalayan tracts of Punjab. The present 
paper describes the external morphology of these abnormal flowers 
and the structure of their stamens and the ovules. 

The usual methods were employed in the investigation. 
Twigs from two abnormal plants were removed and taken to the 
Botanical Laboratory of G-overnment College, Lahore, where these 
v/ere photographed. After this they were preserved in rectified 
spirit. About three days elapsed between the plucking of the 
twigs and their final preservation in alcohol. During this period 
they were kept in a bottle of water as shown in Pig. 10, but even 
then they had begun to wither at the time of fixing. The third plant 
was left at its place undisturbed to see if it may set some seed 
and leave some offsprings behind. For this purpose the place 
was again visited by my brother in May 1932, but no such plants 
were found. The preserved material was finally removed to the 
Benares Hindu University, in the Botany Department of whichy 
the rest of the investigation has been carried out. 

External Morphology. 

The normal plants of Argemone mexicana are erect glaucous 
prickly herbs, quite robust in their construction, often almost 
woody below and reach a height of one and a half to four feet. 
Branching is not very abundant and often the stem remains 
throughout unbranched and simple. The leaves are upto eight 
inches long, sessile, semi-ampiexicaul, sinuate-pinnatifid and 
'white-spotted. The flowers are large and showy, about 2 inches 
in diameter, sessile or subsessile, mostly yellow, but Duthie (6) 
mentions flow^ers with white petals also. They conform to the 
„'5'' 
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floral formula Ks C3 Aoo G (4-6). Tlie sepals are green, horned 
at the top, bristle-pointed and fall off with the opening of the 
flowers, i.e., they are caducous, as in the whole family Papavera- 
ce90. Petals are deciduous and wither away after pollination. 
Stamens are indefinite in number, hypogynous. They possess 
slender filaments with a weak vascular strand and anthers which 
are nearly 3 times as long as broad, 4-locular, and dehisce longi- 
tudinally (fig. la). Ovary is superior, elliptic or oblong, bristly, 
1-celled, with numerous ovules on 4~6 parietal placentas. Style 
is very short, nearly absent and the 3-6 lobed stigma is nearly 
sessile. Capsule is l~li- inches long, prickly and opens at the top 
by short valves. 

The abnormal plants were quite similar to the normal ones 
in habit and vegetative characters. This is quite clear from 
fig. 10, which is a photograph of these plants. The following 
differences, however, were seen in the flowers: — 

(1) The sepals did not fall off on the opening of the flowers. 
These were found to persist on the torus even up to the last stages 
of the flower. 



Pig. 1. Argemone meximna, a, stamen from a -normal flower; and e, 
stamens from two abnormal flowers, showing phyllody to a varying extent. 
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(2) The petals were not yellow. Many were green and others 
showed various gradations between green and yeUow. Further, 
like the sepals they were also found to be persistent even in the 
oldest flowers. 

Both of these features can be seen from fig. 10. 

(3) Stamens were found to show a tendency towards phyl- 
lody though there were none which had become completely folia- 
eeons. The stamens of the different flowers were not of the same 
form. In some eases the process had shown itself but slightly; 
in other cases it was more pronounced. Two cases are sketched 
ill figs, lb and Ic, as illnstrating the amount of variation. The 
first differs from the normal stamen, shown in fig. la, only in 
some increase in the breadth of the filament and connective, an 
increase in the size of the vascular strand and its branching 
in the region of the connective. In the stamen sketched in 
figure Ic, the filament and the connective are both very much 
enlarged and the vascular tissue shows copious branching and 
anastomosing, so that a well developed reticulum of veins is form- 
ed both in the region of the connective and the filament. Fur- 
ther, the filament shows bristly outgrowths such as are character- 
istic of the vegetative parts. 

In all the abnormal flowers, the anthers of the stamens never 
opened and the stamens never "withered and were found to be 
present even in the oldest flowers. 



Pig. 2. pistils from different abnormal 

<1-0 from old flowers and d from a flower-bad; e, V.S. of the pistil sketched, 
in d. a-d about natural size; e, thrice the natural size. 
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(4) Tlie gyn^eiiim showed even more characteristic differ- 
ences. In many cases there was a short stalk, gynophore, devel- 
oped below the ovary (figs. 2, d and e), a feature characteristic of 
the Capparidacese. There was always a well-developed style 
(figs. 2, a-e and fig. 10). The ovary usually showed, especially 
in the older flowers, various types of curves which gave it a zygo- 
morpliic symmetry (figs. 2, and fig. 10). Sections of the 
ovaries (fig. 2e) showed that the ovules inside were less numer- 
ous, longer-stalked and more stout as compared with those 
of the normal flowers and the curves of the ovary in the older 
flowers were due to the devlopment of the ovules in some parts of 
tlie ovary and their absence at other places. 

The ovules did not mature into seeds. No fruit was formed 
and the ovary never opened. The plants thus died, at the end of 
the growing season without leaving behind anything of the nature 
of reproductive bodies. 

Structure of the Stamen. 

a, Filammi. The structure of the filaments of normal and 
abnormal stamens is shown in text-figure 3 (a-d). Pigs, ‘^a and 
3& represent transverse sections of filaments of normal stamens. 
The one represented in Za shows the usual structure. There is 
epidermis on the outside without any stomata, parenchymatous 
mesophyll without any green chloroplasts and a single collateral 
vascular strand in the centre with the xylem directed towards the 
centre of the flower, i.e., on the ventral side and phloem on the 
dorsal side. Pig. 35, shows that at some places, — ^this is usually 
just below the anther where the filament is very narrow (see fig. 
la) — ^the filaments of normal stamens are devoid of any vascular 
tissue. Figure 3c shows a transverse section of a filament from a 
type of stamen sketched in fig. 16. It differs from the filament 
of a normal stamen only in its larger size, slight flattening and 
in the presence of a better developed vascular strand. The trans- 
verse section of the filament of the stamen sketched in figures 1g is 
shown in figure 3d. Not only is this filament larger, but it is 
more flattened and leaf-like. There is differentiation of midrib 
and wings and mesophyll of the latter contains chloroplasts in 
abundance. Stomata are present both on the upper and the lower 
surface in the region of the wings and their guard-cells are slightly 
sunken below the surface. The vascular tissue is very well-developed. 
The main bundle is present in the centre of the midrib and a 
number of its branches are seen ramifying in the wings. These 
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features m addition to those described previously 
of a tendency towards pbyllody in the andrcecium 

mai flowers. 


are otlier signs 
of these abiior- 



rKfP mexieana. Transverse seetions of the filaments from 

ixerent stamens j a and of a stamen from normal flowers,-~in h there is 
vascular ^undle; o, T.S. of the filament from a type of stamen sketched in 
io; 0, T.S. of the filament from a type of stamen sketched in fig, la 
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t. Anther. The structure of the anthers of the normal and 
the abnormal stamens of Argemone mexicana is shown in text- 
figure 4 (a-c). Pig. 4ca is a transverse section of the anther of a 



Fig. 4. Argemone mexicmia^ Transverse sections of the anthers from 
different stamens j a of a normal stamen; h, from the type of stamen sbetched 
in fig. 1&; c from a type of stamen sketched in fig. Ic. X 115. 
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normal stamen, 46 of the anther from a stamen of the type sketch- 
ed in figure 16 and 4c of an anther from a stamen of the type 
sketched in figure Ic. The anther sketched in fig. 4a is from an 
unopened hud and it ha^ not dehisced as yet. It shows a short 
connective, 4 pollen sacs with a wall about 3 cells thick. There 
is a well developed endotheeial layer with its characteristic 
fibrously banded cells. There is single unbranched vascular strand 
in the region of the connective and there are no stomata. The two 



Fig. 5. ATg6ffio%& TYiexicdTi'Ct^. Epidermis of the coimeetive from a type 
of stamen shown in fig. IT) in surface view, showing simple and double stomata. 
X 325. 



Fig. 6. Argemone mexicana. Pollen grains j a, from normal flowers , h, 
from abnormal flowers. X 225. 
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antker-lialTes are bent inwards and the whole structure is in no 
way different from that usual for introrse, longitudinaliy dehis- 
cing anthers. The pollen grains are nearly 50 microns in diameter. 

Ill the anthers of the abnormal stamens the connectives am 
much larger, especially in the type sketched in figure 4e, a feature 
which was also visible externally. There are stomata in the 
epidermis of the connective both on the dorsal and the ventral 
sides. These are of the same form as are found on the filament. 
Their, surface view is shown in figure 5. They are usually 
simple, but sometimes double stomata are also found. There is 
no differentiated endothecial layer -with fibrous cells. This ex- 
plains the loss of dehiscing power in the anthers. The vascular 
tissue"* also in the abnormal anthers is better developed. Besides 
the median bundle, a transverse section usually shows two more 
bundles, one on each side, situated in between and near the pollen- 
sacs, the anther-halves of the normal stamens. The anthers open 
outwards (fig. 4c), in a direction quite opposite to that followed 
by the anther-halves of the normal stamens. The anthers of the 
stamens of the type sketched in figure lb are nearly straight (fig. 
4b) and thus present a condition intermediate between the first 
two types. The pollen grains of the abnormal stamens were 
found to vary between 12-20 microns in diameter and thus these 
were only about one-fourth to one-third in size as compared with 
the pollen grains from the normal stamens (text-fig. 6). Further 
the contents of these pollen grains were much less dense and they 
appeared to be more or less empty. 

Structure of the Ovule. 

The ovules from the abnormal flowers of Argemone mexkana 
were found to differ from the normal ovules in the structure of 
almost every part, namely, the integuments, the nucellus, the 
embryo-sac and the vascular supply. A sketch of a normal ovule 
has already been published by the writer in an earlier paper (13). 
It wras found that in normal ovules the integuments are fused with 
each other and the inner one with the nucellus at maturity. The 
apex of the nucellus is nearly blunt and there is a short micropyle. 
The embryo-sac is of the normal 8-nucleate type and, when mature, 
eats np nearly the whole of the nucellus which then forms only 
a very small layer around it. There are neither chloroplasts, nor 
stomata, either in the integuments or in the nncellus. The vas- 
cular supply of the ovule ends at the junction of the nucellus and 
the stalk of the ovule in the region of the chalaza. 
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In the ovules from tlie abnormal flowers it was found that 
the integuments were perfectly free both from each other and the 
nuoellus. They were much better developed than in the ovules 
from ordinary flowers of the species and formed a greatly elonga- 
ted micropyle (text-fig. 7a). The apex of the nneellus was also 
acute and somewhat prolonged into the elongated micropyle. The 
structure of the integuments further was very characteristic. 



Pig, 7. Argemone mexicana, a, longitudinal section of an ovule from 
an abnormal flower, sbowing free integuments, long micropyle, a well- 
developed vascular strand wMeli in the region of the chalaza sends out similar 
branches into the base of . the nueellus and the inner integument; the embryo- 
sac is represented by an empty space; h, a rather oblique section through a 
beginning to get free from the nueellus, showing the vascular bundle of the 
funiculus and the branching of that bundle in the chalaza into o strands, 
one of which is more or less in the centre and 4 around that more or less in 
0 ring. Vascular tissue is represented blach. X 65. 
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Eacli iiad an inner and outer epidermal layer consisting of large 
cells witlioiit any cliloroplasts and 1-5 layers of the mesophyll 
between the two epidermal layers. The cells of the mesophyll 
layers were abundantly provided with chloroplasts. The outer 
epidermis of the integuments had a few stomata, but the inner 
epidermal layers of both the integuments were abundantly provid- 
ed with these and the two integuments of the ovule were thus 
perfectly equipped for work of carbon-assimilation (fig. 8). 
In fact they were perfectly leaf -like in structure. The structure 
of the stomata found on the ovules was quite similar to those 
found on the stamens. 

. The embryosae of all the abnormal ovules studied by the 
writer w^as found to have completely degenerated and left behind 
only an irregular cavity in the nucellus (fig. la). The latter was 
well developed and it had not been destroyed by the embryosae 
to the same extent as in the normal ovules. Further its outer 
layers just beneath the epidermis were well provided with chloro- 
plasts and in the living state it must have been green and able to 
do some assimilatory work (fig. 8). 



Tig. 8 . Argemone mexicana, Chalazal portion of the ovule shown in 
fig. la, showing the branching of the vascular bundle and the going of these 
branches into the base of the nuceUus and the inner integument. The meso- 
phyll of the integuments and the peripheral part of nucellus shows the 
presence of chloroplasts. There are stomata in the integuments on the inner 
side. X 115. 
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Very important differences were seen in tlie vascular supply 
ol the abnormal ovules, as compared with that of the normal ones. 
The Avascular bundle of these ovules Avas much better deA^eloped 
(fig. la) and it did not terminate in the region of the chala- 
za (figs, la, 11) and 8). On the other hand, at this point it 
diAuded into 5 or 6 small strands, one situated in the centre and 
the others forming an irregular ring around it (fig. 76). The 
central strand was found to supply the base of t^e nueellus and 
the outer ones the inner integument (figs, la and 8). They 
ran into these tissues for a short distance and then ended blindly, 
but in one ease one of the integumentary strands was found to run 
nearly upto half the length of the ovule. 

Discussion. 

The nature and the cemse of the alove abnormalities. From 
the description of the abnormal plants given above, it is quite 
clear that even though their vegetative parts were quite similar to 
those of the normal plants, they showed many important differ- 
ences in the organisation of their flowers. Further these differ- 
ences were to be found in every part of the flower, the calyx, the 
corolla, the andrcecium and the gynsecium, having been all affected 
by the change, which had collectively led to the development of 
these peculiar flowers. What the nature of this change or abnor- 
mality is, is fairly clear, though it is only possible to guess at the 
cause. The fact that both the sepals and the petals had become 
persistent and the latter also Aurescent to a varying extent, shows 
that both the parts were becoming leaf like and were affected by a 
change of a phylloid nature. The same is true of the andrcecium 
and the gynsecium. The broadening of the filaments and the con- 
nective's of the stamens, the development of bristle-like outgrowths 
on the filaments, of stomata and chlorenchymatous tissue both in 
the filaments and the connectives, the formation of the stomata 
in the integuments of the OAnales and the development of chloro- 
phyll both in the mesophyll of the integuments and in the outer 
portions of the nueellus are all characters of the green leaf. The 
loss of the fibrously banded endothecial layer in the anthers also 
makes the stamens more comparable with the leaves. Only a few 
differences like the development of the style between the stigma 
and the ovary and of the small gynophore below the ovary in some 
cases seem to be unconnected with characters of the green leaves. 
Taking all these facts into consideration it appears to be quite 
clear that these abnormal flowers of Argemone mexiema were af- 
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feeted by a cliaiige o£ the nature of partial pliyllody. It bad 
made the two outer whorls of floral leaves, always more leaflike as 
compared with the t'wo inner w^horls, still more foliaeeous, while it 
had added a few characters of the green leaves to the androecium 
and the gyna^cixini. Correlated -with this change there have ap- 
peared a few variations, mentioned above, of an independent 
nature, some of which, like the development of the style, are pro- 
bably of the nature of reversions."^ 

As regards the cause of the development of these abiiornial 
flowers, as said above, it is only possible to guess. The plants 
as they were found growing in the field appeared to be quite 
healthy. After they had been brought to the laboratory, all their 
parts were subjected to a thorough microscopic examination to see 
if they may not be affected by some fungus or insect pest, but no 
such was found on them. The probable cause of these abnormali- 
ties then perhaps lies in the very constitution of the plants and 
is of an internal nature. This is completely supported by the 
fact that all the flowers of the plants w’^ere affected by the change. 
AYhat this constitutional change was, however, is a question be- 
longing to the sphere of Plant Genetics and Cytology. In the 
absence of such knowledge one can only compare his observations 
with what is known to occur in other plants. The pollen from the 
abnormal plants was found to be much smaller in size and more 
or less empty as compared with the pollen from normal plants. It 
is commonly knoxwa that abnormal pollen is sterile. The 
embryo-sac in the ovules of the abnormal flowers also de- 
generated and never produced any embryo. This sterility of 
the spores, both of the microspores and the megaspores has been 
recognised as a characteristic of hybrids even from such a time 
as that of Dutrochet (7) and Gaertner (9) among recent 
botanists by Eosenb^g (19), duel (15), Tischler (23), Dorsey (5), 
Jeffrey (14), Hoar (11), Cole (2) and many others. 'With the 
exception of DeVries (4), this view seems to be generally ac- 
cepted and it wvould lead us to the conclusion that the abnormal 
flowers of Aregmom mexicana described in the present paper, 

* This statement is based on the fact that a style is present between the 
ovary and the stigma in the majority of flowering plants. It rs present in 
the other families of the Bhoeadales, like Capparidaceae and Cruciferse and 
even in several other Papaverace©. There can be little doubt that it was also 
present in the ancestors of and other genera of Papa- 

veraeeas with sessile stigmas. The development of style thus in abnormal 
eases in Ar gem one would be a reversion. 
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also owe their origin to hybridisation. Snch a conclusion seems 
to be well suijported from the facts that the petals and the sta- 
mens of the abnormal flowers were not all alike, — they showed 
various gradations in virescence and phyllody, just as would some- 
times happen on segregation after a cross, that hybridisation does 
produce new forms,— -this can be seen from the work of a number 
of authors like that of Lotsy (18) on Antirrhinum and Lychnis — 
and that hybridisation does occur in Argemone. The last feature 
has been seen by the writer by an examination of the pollen of a 
number of plants growing at Benares. It has been seen that in 
several eases about 50% of the pollen from an anther is sterile 
(fig. 9), even in flowers which are in other respects perfectly nor- 
mal. What type of cross it was that had given rise to these ab- 
normal flowers of Argemone is again a question relating to the 
science of Plant Genetics and nothing can be said about it. 



Fig. 9. Argemone mexicana. Pollen from a normal plant, selected at 
random, shovring a large number of sterile grains. X 230. 

The fimetion of the endothecmm. It is generally recognised 
that the ftinetioii of the fibrous endothecial layers in the anthers of 
the flowering plants is to help in dehiscence (Coulter and Cham- 
berlain, 3). The anatomy of these abnormal flowers ol Argemone ^ 
so far as it goes, gives full support to this generally accepted 
conclusion. The anthers of the normal stamens of Argemone are 
provided with a well-developed fibrous endotheeium, and they 
always dehisce. The anthers of the abnormal flowers are devoid 



268 THE JOUENAL OF THE INDIAN BOH^NICAL SOCIETY. 

of sncli a differentiated endotliecium and never open, deary show- 
ing thereby the use of this endotheeial layer. 

Phylogenetic considerations. Whether evidence from the 
anatomy and morphology of abnormal plants or teratologieal speci- 
mens shonld be used in discussions pertaining to the pliylogeny of 
plants is an old much discussed question. Many writers have 
used such an evidence before and consider it to be of utmost im- 
portance. Others consider it to be more or less useless. A dis- 
cussion of the subject is given by Worsdell (25) in the introduc- 
tory part of his '‘Principles of Plant Teratology’’. The writer 
does not want to enter into any such discussion here, but to simply 
state a few points which seem to emerge from the present study 
and appear to be of some phylogenetic importance. 

The family Papaveraceas to which Argemone belongs is con- 
sidered by every modern taxonomist to be related to such families 
as Cruciferge, Capparidaceae, etc., and these are together placed in 
the order Ehoeadales (Engler and Gilg (8), Wettstein (24), 
Hutchinson (12), etc.)« One of the points in which it differs 
from the rest is the absence of the style in many genera. The 
presence of the style in the abnormal flowers of Argemone describ- 
ed here, which seems to be a sort of reversion, makes it more com- 
parable with the other families. The same thing may be said 
about the development of the gynophore below f he ovary in some 
cases. The presence of a gynophore is one of the characteristic 
features of the family Capparidace^ and its development in the 
abnormal flowers of Argemone^ emphasizes the relation of the 
Papaverace^e to the Capparidacege. 

Another point of interest in this connection is the great devel- 
opment of the vascular system in the ovules of the abnormal plants. 
In the normal plants of Argemone the vascular supply of the 
ovule ends in the region of the chalaza, but in the abnormal plants 
the vascular bundle at this point branches out and the various 
branches pass into the inner integument and one, the central 
one, to the base of the nucellus. A well-developed vascular supply 
to the integuments and the base of the nucellus was a feature 
of the pteridospermous ovules. It is found in a few angiosperms 
at the present time, as for example, in Myrica (Kershaw, 16), 
Juglandacege and some other Amentiferge (Kershaw, 17 and Ben- 
son and Welsford, 1), some Thymelasaeese (Guerin, 10). Further 
evidence is also accumulating that the modern angiosperms are 
derived from some pteridospermous stock (Thomas, 21, 22). 
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Seward (20) regards this view as the most acceptable one at the 
present time. The presence of pteridospermons features in the 
OYules of Arc/emone in abnormal cases, which show some features 
of reversion, lends, so far as it goes, its support to such a view. 


Summary. 

Some abnormal flowers of Argemone mexicana L. are describ- 
ed. Their main features are the persistent calyx and corolla, the 
latter also showing virescence to a varying extent, broadening of 
the filaments and connectives of the stamens, development of 
bristly outgrowths on the former and of stomata and chlorenehy- 
matous tissue in both, loss of the fibrous endothecium in the 
anthers, freedom of the integuments of the ovule both from each 
other and the nucellus, long microphyle, development of stomata 
on the integuments and of chlorophyll both in the integuments 
and in the outer layers of nucellus, a strong development of the 
vascular tissue both of the stamens and the ovules, the branching 
of the vascular bundles in the chalaza of the ovules, and the run- 
ning of these branches into the inner integument and base of the 
nucellus. 

The nature, cause and phylogenetic significance of these ab- 
normalities is discussed. They appear to be of the nature of 
partial phyllody. The cause of their origin probably lies in 
hybridisation. Their study gives a general support to the close 
relationship of the family Papaveracese with the other families of 
the Rhoeadales, especially the Capparidacae and to the hypothesis 
of pteridospermons origin of angiosperms. 
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CHANGES IN PLANTS DURING LOW 
TEMPERATURES. 

III. Some Chemical and Anatomical Changes in Plants 
grown under Controlled Temperatures, 

BY 

R. C. Malhotra, 

Malhotra Street, Jammu, Kashmir State. 


Freezhr^ injiuy to fruit trees and other horticultural plants 
ii .soinetiiu(‘s so severe, at least in temperate climates as possessed 
by the northern portion of Kashmir State, that farmers suffer 
hea\y losses (2). Occasionally even the sub-tropical areas suffer 
from this malady. For instance, orchards in the Bombay Presi- 
dency experienced rather an unusual degree of cold during 1929. 
As a result of this intensity of the falling of temperature, many 
fruit trees were killed or injured. Thus it is no wonder, that 
mxich interest has been shorni in plant hardiness within recent 
years. For details parts I and II may be referred to which, have 
already appeared in this journal. 

Many research workers seem to attribute plant resistance 
again.st winter injury to various chemical substances. Rosa (18) 
and Hooker (8) think that hardening of plants is due to an in- 
crease in pentosans. Murneek (16) suggests that hemicelluloses 
may bring about hardinass. Shutt (19) showed that decrease in 
moisture has a definite relationship with hardening. Some 
woi-kers such as D’Arsonval (5) think, that hardened plants 
have a lower freezing point. Harvey (7) shows the importance 
of the sap i-eaction. He suggests that there is a direct relation- 
ship between alkinity and hardiness or acidity and freezing injury., 

Knowlton and Dorsey (9) and recently Crane (4) have 
presented data to show that peach buds borne near the terminals 
of the shoots are more advanced, consequently more matured 
and hardy, than those near the base. The more rapid growth 
of the buds on the terminal portions of the shoots is suggested 
to be due to their higher moisture, nitrogen and sugar content than 
that of the basal buds. Since no other study of the plant nitro- 
gen has been made, as far as the writer is concerned,' it may be 
of some interest to include nitrogen with reference to hardiness. 
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Prom tlie data of Maximow (14) it seems, that in some cases, 
salts exert more proteetiTe effects against freezing than even 
sugars* Furthermore, some workers seem to think, that more con- 
eentrated solutions, even of mineral salts, freeze at lower tem- 
peratures than less concentrated solutions of the same salts. Such 
is daily experimentation of a Physical Chemist. Thus ash is 
vorth studying in this problem. 

Some workers think that variation in the histological struct- 
ures of the plant cells may be more important in hardiness than 
chemical composition. With the exception of one, no study has 
been brought to the writer’s attention in this connection. 

Inspite of the enormous work done on hardiness, particularly 
in the North America and Europe, no definite trend of the mechan- 
ism of the death of plants due to cold and freezing is obtained. 
It is true that several workers advocate, that the plant cells with 
higher sugar content may be able to withstand more severe tem- 
peratures. This has been questioned so much within the recent 
years, because of the results gained by the more sensitive instru- 
ments and precise methods, that for all practical purposes, the 
botanists are divided into three different schools. It is the 
writer’s conviction that sugars alone may be or may not be so 
important in enabling a plant to escape winter injury as the 
sum total of carbohydrates with the exception of inert polysac- 
charides, as celluloses for instance. The latter chemical substances 
have been studied in respect to their physiological role of the 
so called hard and soft wood of plants. However, the thesis 
and data are so extensive both in materials, conclusions and results 
as well in space that they may just as well appear in the next 
part of the papers of this series. 

Materials and Methods. 

Tomato, lettuce, cabbage and Hungarian kale seeds were 
obtained from the same parents. Twenty plants of each crop 
were allowed to grow in the green house of the University of 
Chicago at about 50^P (comparatively cool) and about 75*^P (com- 
paratively warm). Soil, sunlight, oxygen and moisture conditions 
were alike. At the end of five months, half of the plants were 
transferred from warm to cold and mce A month later, 

5 plants of each crop and of each type, that is, the ones grown at 
50’^P, 75<^F, transferred from cold to warm and warm to cold, 
were cut just above the ground line, their moisture content deter- 
mined by drying them to constant weight at 65<^C, ground and 
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pulverized until the powders obtained could pass a sieve of 60 
meshes per inch. Such a degree of fineness was sufficient as sug- 
gested by Malhotra's data (10). 

Pentosans were determined by a modification of Pervier and 
Gortners’ method as developed by Malhotra (11). Bemicelluloses 
were estimated by the method of the official Agricultiiral chemists 
(17). Total nitrogen was found by the Arnold- Gunning modifi- 
cation of Kjeldahl (13) and was calculated as total proteins by 
multiplying the amount of nitrogen with 625, a factor accepted 
by Fuller (SB). Ash was obtained by burning the samples in an 
electric muffle (the data for only two typical anaylses have been 
shown here). The analysis of each sample w^as carried out in 
duplicate, sometimes in triplicate for close cheek. 

Sap W'Us extracted under 90 pounds pressure without freez- 
ing or thawdng the plants, in order to prevent any change in the 
hydrogen-ion concentration of the tissues. It has been shown by 
many plant physiologists that during this process some apparent 
change of acidity and alkinity takes place within the sap. The 
sap so obtained wms divided into two lots, one being used for 
determining the freezing point and the other for the estimation 
of pH. Hydrogen-ion determination was carried out by means of 
quinhydrone electrode after Clark (3). The colorimetric method 
was considered unsatisfactory because of the green colour of the 
sap present in these plants. Clearing the sap might have changed 
its pH value. The freezing point w’^as determined by Beckman’s 
apparatus (6). It is desirable to note that shortly after reaching 
the freezing point the temperature rises again. For the most 
accurate results any temperature other than the actual freezing 
point should always be avoided. 

The remaining two plants were used for anatomical study. 
Pieces, one-half inch long, w^ere cut nine inches above the ground 
line. Free hand, cross and longitudinal sections about 10 u were 
prepared, using a freezing microtome. The sections •were stained 
according to Chamberlain (1). 

Presentation of the Data and Discussion 

A. Moisture . — The percentage of moisture is given in table I. 
From the data it seems, that on the whole, moisture in plants 
grown at and 75<^F wms about the same. Cabbage grown at 
50^ show^ed a little more increase in w^ater content than that 
growm at 75^; while lettuce No. 2 appeared to be the same hut 
lettuce No. I growm at 75^ contained 0 8 per cent more water. 
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A. similar relationship was shown by tomatoes grown at these 
temperatures. On the other hand, Kale grown at 75® showed some 
increase over that of 50®. 


Table L The Effect of Temperature on the 
Moisture Content of Plants. 


Name and 


Peecentage ( 

DP Moistuee 

No. OF Plant 


At 30“ 

At 7.5“ 

Prom cold 
to warm 

Prom warm 
to cold 

Cabbage 

1. 

88.60 

87.90 

88.48 

88.14 


2. 

88.40 

87.31 

88.10 

87.60 

Lettuce 

1. 

89.30 

90.10 

89.46 

91.94 


2. 

88.90 

89.89 

89.11 

89.50 

Tomato 

1. 

89.10 

90.70 

87.02 

92.09 


2. 

88.90 

89.00 

87.90 

88.95 

Kale 

1. 

88.30 

89.02 

87.76 

89.18 


2. 

88.40 

88.95 

87.89 

89.29 


Plants transferred from cold to warm did not behave alike. 
Some decreased (Tomato and Kale), while others (Lettuce) re- 
mained practically the same. Plants dhanged from w^arni to 
cold showed a similar irregularity, although, on the w^hole, they 
bad a somewhat higher percentage of water than those grown under 
any other condition, except cabbage. It seems, that increase or 
decrease in the moisture content of plants grown under warm 
and cold conditions, other factors remaining the same, as shown 
by these crops, is so small that the difference may fall within the 
experimental error. 

B. Pentomm . — The pentosan results are shown in table II. 
Plants growm at 50®F show a higher percentage of pentosan than 
those grown at 75®, When transferred from cold to warm, they 
showed a decrease in pentosan; while the plants changed from 
warm to cold showed an increase. However, the amount was less 
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than that of the plants which were allowed to grow at 50®. It 
also seems that plants transferred from warm to cold, show more 
pentosan percentage (e.xeept cabbage) than those from cold to 

. A'Varm. 


Table 11 Effect of Temperature 00 Pentosau of 

Plants. 


Name and 

No. OF Plant 

Percentage 

-- 

OF Pentosan 

At 50® 

At 75® 

From cold 
to warm 

From warm 
to cold 

Cabbage 1* 

2,16 

0.03 

0.41 

0.54 

2. 

2.11 

0.08 

0.97 

0.45 

Lettuce 1. 

2.11 

0.13 

1.10 

l.«5 

2. 

2.00 

0.19 

1.20 

1.41 

Tomato 1. 

1.61 

0.57 

0.71 

0.93 

2. 

0.98 

0.39 

0.73 

1.00 

Kale 1. 

2.17 

0.61 

0.60 

0.67 

2. 

2.44 

0.32 

0.68 

2.11 


The total diy weight of the crop grown at 75^ was, on the aver- 
age, 105 per cent more than that grown at Thus even the total 
pentosans in the plants grown at 50® were higher than those grown 
at 75®. On the other hand, total pentosans, on the average, were 
higher in plants transferred from cold to warm and lower in 
plants changed from warm to cold, when considered on the basis 
of their total weights. In many studies undertaken previously, 
this fact does not seem to have been brought out. The plants trans- 
ferred from warm to cold were just as hard as the ones grown at 
50 degree.s thronghont. If the percentage, rather than the total 
amount of pentosans, is responsible for hardiness in plants, cer- 
tainly this data does not seem to show as mueh. For the fuller 
review of various works in this connection Malhotra (12 B) may 
be referred to. 
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C. Hemieelliiloses . — The data on heinicelluloses are pi*eseiit- 
ed in table III. It seems that in some crops grown at 50^ (Cab- 
bage No. 1 and Lettuce Nos. 1 and 2) the percentage of hemicelln- 
Icses is higher, while in others (Tomato and Kale) it is lower. 
On the other hand, all plants transferred from warm to cold seem 
to contain more than any of the other lots. It is hard to account 
for such an effective increase of hemieelliiloses under the changes 
brought out by these temperatures. The writer has already indi- 
cated, that hemicelluloses are not only the cell wall materials but 
should be looked upon as the active protoplasmic contents. As 
such (12) it may be that some metabolic change in the reserve 
substance due to the variable thermal transformation may have 
taken place. Until we learn more about the nature of hemieellu- 
loses than that recently explained by MivSs 0 ’Dwyer, a worker co- 
operating with the British Cotton Association, we shall advance 
but very little in this particular phase. 


Table III. Effect of Temperature on Hemicelluloses 

of Plants. 


Name and 

No. OP Plant 

Percentage of Hemicelluloses 

At 50° 

-At 75° 

From cold 
to warm 

From warm 
to cold 

Cabbage 

1. 

5.94 

6.23 

7.45 

22.1 


2. 

6.32 

6.67 

6.81 

18.4 

Lettuce 

1. 

5.64 

4.41 . 

8.34 

20.1 


2. 

5.67 

3.97 

6.47 

22.5 

Tomato 

1. 

[ 14.70 

9.80 

6.65 

22.9 


2. 

20.4 

8.35 

7.93 

16.2 

Kale 

1. 

12.8 

6.79 

9.25 

20.70 


2. 

17.7 

7.93 

7.55 

19,91 


D. Total Proieins.~It seems from table IV, that the plants 
grown at 15^ show more total protein than those grown at 
Plants transferred from cold to warm seem to exhibit more protein 
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tliaii those grown eontinnally at 50^ as well as those transferred 
from warm to cold. On the basi^ of percentages, plants grown at 
also those which -were changed from cold to warm, the total 
proteins seem to be practically the same (except Kale No. 2), 
although on the whole, the former shows less percentage of pro- 
teins than the latter. Of course, the same relationship holds true 
for total nitrogen also, since it can be calculated by dividing the 
protein figures wdth 6 *25, a factor of which mention has already 
been made. 

Table IV. Effect of Temperature on the Total 
Proteins of Plants. 


Percentage op Total Proteins 


Name and 

No. OF Plants 


At 50° 

At 75° 

Erom cold ' 
to warm 

From warm 
to cold 

Cabbage 1. 

13.1 

■ 

18.3 

' 

19.3 

13.6 

2. 

14.7 

17.9 

18.6 

16.2 

Lettuce 1. 

8.2 

16,7 

14.3 

7.5 

qJ 

10.6 

15.8 

15,1 

10.7 

Tomato 1. 

12.9 

21.2 

20.2 

14.8 

2. 

12.8 

19.1 

1 19.2 

j 

17.8 

Kale 1. 

12.7 

19.8 

20.7 

j 

13.9 

2. 

13.6 

16.7 

I . 18.2 

15.2 


The data seem to show a great variability of total proteins 
within the crops even when grown under the same conditions of 
temperatnre. It has been ascertained more than once from the 
Plant Nutrition Laboratory of the University of California, Berke- 
ley, California, U.S.Av, that the proteins vary even within a single 
plant. If this be the case, one should not look for the amount of 
protein or the total nitrogen as any index of a practical signifi- 
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mme. Unless one goes deeper into the composition of the plant 
proteins, such as amino nitrogen, non-amino nitrogen and perhaps 
still smaller fractions, it is improbable to segregate the role played 
by the proteins in the iilant hardiness. Such an attempt has been 
made by the writer and a good deal of the work is still in progress. 
It will be reported in due course of time. 

E. Ash . — The figures for ash presented in table V, seem to 
indicate (except Lettuce No. 2, Tomato No. 1 and 2 and Kale 
No. 2) that, plants grown at 50^ have a higher ash content than 
tliose grown at 75^. These differences, however, are not very great. 
On the other hand, plants transferred from cold to warm or vice 
versa have the higher percentage of ash content. It points out, 
however, that individual crops allow selective permeability to 
different salts as pointed out by Malhotra (12). Many Russian 
workers including Maximow, whose work has already been quoted 
above, in the main, agree with the conclusions already arrived at 
by the present writer. 


Table V. Effect of Temperature on the Amount 
of Ash Content. 


Name' and 

Peecentagb op Ash Content 

No. OP Plants 

At 50° 1 

At 75^ 

F rom cold 
to warm 

From warm 
to cold 

Cabbage 1. 

4.86 

. 3.62 i 

1.47 

1.19 

2. 

4.63 

3.78 

1.26 

2.42 

Lettuce 1. 

4.97 

4.53 

8.02 

3.60 

2. 

4.58 

4.51 

2.45 

1.81 

Tomato 1. 

5.03 

5.30 

. 5.40 1 

4.22 

2. 

5.99 

6.67 

: 3.49 

3.04 

Kale 1) 

4.31 > 

3.71 

3.87 

3.61 

2. 

4.28 

4.22 

2.49 

1 4.95 

1 ■ 
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F. Hydrogen-ion Concentration . — The figures for the 
hydrogen-ion concentration of the sap have been shown in table VI. 
it seems that pH values obtained are very constant (about neutral 
point) for plants groAvn at 50®, 75® or for those transferred from 
cold to warm and vice versa. lit seems that pH varies but little, 
at least not significant enough to diverge more than pH 8 or less 
than pH 6. In some unpublished work, Malhotra found that 
the pH value of the sap within and outside of a plant varies quite 
materially. If this be true, in a general way, one should under- 
rate the importance of the hydrogen-ion study, now occupying 
such an importance in the physico-chemical topics of plant 
physiology. 

Table VI. Effect of Temperature on the Hydrogen- 
ion Concentration of Sap. 


: Hydbogbn-iok Concenteation 

Name and i 


No. OP Plant 

1 

At 50° 

At 75° 

From cold 
to warm 

From warm 
to cold 

Cabbage 1. 

6.2 I 

1 

6.8 

6.8 

6.8 

2. 

6.3 

6.4 

6.8 

6.7 

Lettuce 1. 

1 6.2 1 

i 

, 7.2 

7.4 

7.1 

2. 

7.2 1 

6.9 

1 7.2 

7.1 

Tomato l.j 

7.1 

7.1 

7.2 

6.9 

2. 

6.9 

7.0 

7.2 

6.9 

Kale 1. 

6.9 

6.9 

6.9 

7.1 

2. 

6.4 

7.0 

6.9 

7.1 


G. Freezing Point of Saps . — It would seem from table VIT, 
that in all cases, sap extracted from the plants grown at 50® 
showed a lower freezing point than that grown at 75®. Sap from 
plants (cold to warm) have varying values when compared with 
plants transferred from warm to cold. No uniform relationship 
seems to have been found in so far as these experiments are eon- 
cemed. 
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Table VIL Effect of Temperature on the Freezing 
Point of Plant Sap. 


Name and 

No. OF Plants 

Ebeezing Point op 

Plant Sap gbown 

At .50° 

At 75° 

From cold 
to warm 

From warm 
to cold 

Cabbage 1 . 

5.1 

4.7 

4.9 

4.9 

2. 

5,0 

4.8 

4.9 

4.8 

Lettuce 1. 

5.2 

4.9 

4.9 

5.0 

2. 

5.2 

4.8 

4.9 

4.9 

Tomato 1. 

5.0 

4.6 

00 

4.7 

2. 

6.0 

4.5 

4.9 

4.9 

Kale 1. 

5.4 

4.5 

5.1 

6.3 

2. 

5.4 

4.9 

5.2 

5.2 


Read minus in all cases such as — 5.2. 


H. Amtomical Features. — From the study of the croSs-section 
it appears, that in the main, plants grown at 75^ develop more 
diameter than those grown at 50^. This difference is dne, very 
largely, to many large parenchyma cells of the pith in favour of 
plants grown at 75^, By microscopic measurement of the dia- 
meters of about 500 cells of this nature, it seems that these cells 
in plants grown at 75^^ are, on the average, 35 per cent larger 
than those grown at 50®. However the intercellular spaces of the 
cells from plants grown at 75® are rather large; while the cells of 
plants grown at 50®, although somewhat smaller in size are un- 
doubtedly compact. The compactness of the cells grown at the 
lower temperature may, in consequence, enable a plant to with- 
stand a still lowTr temperature as suggested by Molisch (15). 

It was also noted by the microscopic examination of these 
sections that the walls of all kinds of cells obtained from the 
plants grown at 50® were Somewhat thicker than those grown at 
a higher temperature. Shall we then assume that cells with thicker 
v/alls can withstand more withdrawal of water, which so often 
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takes place during freezing injury, than similar cells with thinner 
walls? An answer to this question cannot be given satisfactorily 
unless one tears apart these wails with a known pressure by 
means of micro-dissection (micro-manupilication needles) and 
similar observations on cells with induced ice injury and a known 
pressure exerted thereby. Unless this direction is explored, it 
would be fruitless to expect that this study in itself would be 
sufficient to lead us to the mechanism of winter hardiness. This 
must be confessed, however, that the combined data should bring 
us closer to the solution of this problem from a practical stand- 
point. 

Charts No. 1 and 2 illustrate the distribution of various sub- 
stances and properties in the crops used as mentioned in the 
above paragraphs. 


Summary. 

1. Cabbage, lettuce, Hungarian kale and tomato plants were 
grown at oO^P and 75^P. Half of the plants were transferred 
from cold to warm and vice versa. Their moisture content, 
pentosans, hemicellnloses, total proteins, ash, hydrogen-ion con- 
centration and freezing points w^ere quantitatively determined. 
Their anatomical study also was attempted. 

2. No definite conclusions can be drawn as yet in relation to 
these materials with plant hardiness — freezing injury. The various 
difficulties presented by this problem are discussed in the paper. 
Further data are being collected as to fats, total carbo- 
hydrates, protein fractions, detailed cellular and colloidal changes, 
micro-dissection and micro-chemical tests, which when completed, 
may throw more light on this problem, possibly along with these 
data. 

It is a jfieasure to thank Miss 0, Smith, formerly of the 
Peterson Storage Company of Chicago, Illinois, for her co- 
operation in this study. 
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Malhotra — Clianges in Plants during low temperatures. 


Chart I 



Chart No. 1 showing moisture, ash and the total protein contents in the 
various crops grown at different temperatures as well as those transferred 
from warm to cold and vice versw. 
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Malhotka — OliMiiges in Plaiits during low temperatures. 


Chart II. 



Chart No. 2 showing pentosans, hemicelluloses and the hydrogen-ion con- 
eentration in the various crops grown at different temperatures as well as 
those transferred from warm to cold and vice versa. 
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A NOTE ON THE EMISSION OF GLOBULES OF 
BASOPHILIC MATERIAL' FROM THE, NUCLEUS 
INTO THE CYTOPLASM DURING THE 
TELOPHASE OF NUCLEAR DIVISION. 

BY 

N. S. Rau, M.A., 

Udipi, South Kmara, 


The view is now generally accepted that some kind of inter- 
change of substance between the nncleris and the cytoplasm is 
constantly going on at all stages of cell-life (18), though not 
always in a manner which may be directly observed under the 
microscope. So long as the nuclear membrane is intact such an 
exchange can of course take place only by a process of diifusion 
through it, but during the final stages of the prophase of the 
nuclear division and in the following stages of metaphase, ana- 
phase and early telophase no obstacles are found in the way of 
a free exchange of substance between the two parts of the cell, as 
the nuclear cavity is continuous with the cytosome during these 
stages. Not very much is known concerning the nature and the 
significance of such nucleo-plasmic exchange of substance on ac- 
count of the difficulty of applying mierochemical tests and of in- 
terpreting their results. 

Under various circumstances, however, such as those of ^^phy- 
siological degeneration ” caused by irregular conditions of nutri- 
tion (19) or in connection with certain phases of the nuclear 
division, the exchange of substance becomes more conspicuous 
and may be directly observed under the microscope in material 
prepared by the ordinary methods of histological technique. 
Nuclear substance thus cast out into the cytoplasm has been fre- 
quently described by many writers in a considerable variety of 
objects under the general name of (^chromidia^^ or “chromidial 
substance”. On the basis of such observations and by analogy 
with the conditions prevailing among certain potozoans, R. Her- 
twig (7) and others elaborated the ^‘binuclearity hypothesis” as 
applied to the higher organisms, the chromidial substance being 
held to correspond to the ‘^tropho-chromatin^ ' supposed to be con- 
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tained in tie macronuelens of the infusorians. At the present 
day this theory stands justly discredited, but the fact that nuclear 
substance may be extruded into the cytoplasm in. a visible form as 
chromidia is well established ; at one time there was some doubt 
with regard to the nature and the identity of these extruded 
bodies, but it has been established by the work of Duesberg (4)^ 
Schaxel (16), Hirschler (9) and others that they are nucleopro- 
teid in their chemical composition and thus differ from aggrega- 
tions of formed bodies found in the cytoplasm such as the 
mitochondria. Schaxel (15) has also put forward the view that 
such material of nuclear origin cast out into the cytoplasm may 
play an important part in the processes of cellular differentiation. 

Such extrusion of chromidia! substance in connection with 
karyokinesis, which is not by any means a matter of general 
occurrence, but has been recorded only in particular cases, has 
mostly been observed to occur in the early and middle phases of 
nuclear division. The writer has found, however, the emission 
of nuclear substance into the cytoplasm at a later stage in the 
course of nuclear division to be a matter of regular occurrence in 
all. cases which he has had an opportunity of studying, both in 
the case of somatic mitosis and in that of the first and vsecond 
meiotic divisions. During the middle and late telophase, when 
the chromosomes collect together at the poles of the cell and pro- 
ceed to form the daughter nuclei, globules of strongly basophilic 
material stream out from the regions occupied by the chromosome 
groups into the cytoplasm (Figs. 1 and 2) ; the emission of these 
globules continues till a late stage of the telophase and they may 
be traced during the period when the dividing •wall between the 
daughter cells completes its formation (Figs. 3 and 4). Finally 
they disappear in the general ground substance of the cytoplasm 
iit a still later stage. The shape of these bodies is characteristic- 
ally that of tiny globules, which suggests that the material is cast 
out as a fluid and not as a solid. They may be observed in mater- 
ial prepared with any of the fixatives that are commonly employed, 
such as the mixtures of Flemming, Bouin or Zenker. They stain 
deeply ^ with the ordinary nuclear” dyes such as saf ranine, 
gentian violet or iroh-hsematoxylin. Their affinity for these dyes, 
however, seems to be less strong than it is in the case of the 
chromosomes as the dyes may be completely extracted out of them 
V7ith rather less difficulty than in the case of the latter; but this 
might well be due to the difference in physical conditions between 
the two, which in' some measure determine, as A. Fischer (5), and 
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following Mm Bayliss (1), have pointed out, the precise character 
and intensity of any stainiing reaction. When these globules 
become dispersed in the cell and their substance gradually becomes 
mingled with the cytoplasm, it is found in suitably differentiated 
iron-h^ematoxylin preparations that the ground substance of the 
cytoplasm stains a darker grey than it does at other stages. 
‘‘Acidic’^ stains such as orange or saure-fuchsin fail to stain these 
globules. 

Judging from their place and manner of origin, it can be 
hardly open to doubt that the globules are derived from the chro- 
mosomes themselves : during the earliest stages of extrusion ai 
crowd of them are always seen quite close to the chromosomes 
or even scattered among them (Pigs. 1 and 2) and they become 
dispersed in the cell only at a later stage (Pigs. 3 and 4). One 
may infer, therefore, that a stream of droplets of such basophilic 
substance issues forth from the chromosomes into the cytoplasm 
during the telophasic stages. It would, however, be an unwar- 
ranted conclusion to say that they are composed of ^‘chromatin” 
merely because they give the same kind of staining reaction with 
some of the nuclear dyes as do the chromosomes ; for, it must be 
remembered that none of these stains is specific for chromatin. 
What is extruded must be some substance which can have no 
place in the resting’’ nucleus and is cast out accordingly when 
the chromosomes undergo the changes of structure and composi- 
tion incidental to the formation of the resting daughter nuclei. 

To the writer it seems probable that the extrusion of these 
globules of fluid material represents a phase in the cyclic exchange 
of nucleic acid compounds between the nucleus and the cytoplasm. 
Recent work makes it practically certain that the chromosomes lay 
the cytoplasm under contribution for part of the material required 
for their growth; this is specially evident in the ease of cells 
undergoing the reductional division preparatory to the formation 
of reproductive cells. Reference may be made here to the papers 
by Latter (10) and by the present writer (14) where evidence 
pointing to the occurrence of such a transfer of material and to 
the part apparently played by the nucleolus in effecting it is set 
forth at some length. The fact that with the progress 
in the transfer of this material there is an increase in the inten- 
sity of the staining reaction of the chromosomes suggests that the 
substance thus added on must be the nucleic acid component rather 
than the permanent protein base of the chromatin. Careful bio- 
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cliemieal work, as for instance that of Masiiig (13) and that of 
van Herwerden (8) seems to show that the occiirren^ of the 
niicleoproteins is not confined to the nucleus, but that they, or at 
all events substances closely related to them, and easily convertible 
into them occur in the cytoplasm as well and it is probable that 
during the nuclear division, these or their nucleic acid compon- 
ents are transferred to the nucleus to provide part of the material 
required for the growth of the chromosomes. This transfer, as 
pointed out already, seems to be effected through the agency of the 
nucleolus which plays an important part in connection with the 
storage and transfer of the chromatic substance throughout the 
history of the nucleus. For instance, in the course of nuclear 
division, during the ‘‘diffuse’’ stage in the growth period of 
auxocytes, when the chromosomes lose their basophily owing to 
the loss of nucleic acid, this substance becomes temporarily stored 
in the nucleolus, which takes a strong stain with basic dyes, 
and is restored to the chromosomes at a later stage. De Litardiere 
(11), working on ferns, has, by a study of the interrelationship 
between the chromosomes and the nucleolus, arrived at the con- 
clusion that chromatic matter passes out of the chromosomes in 
the telophase and contributes to the formation of the nucleolus 
and is again transferred from the nucleolus to the chromosomes in 
the succeeding prophase, being mostly stored in the nucleolus 
during the metabolic stage of the nucleus, as was pointed out^long 
ago by Flemming (6) and by Strasburger (17). A similar re- 
lation between the nucleolus and the chromosomes has also been 
found to exist by Martens (12), van Camp (2), Cleland (3) and 
other more recent writers who have studied the subject. It must 
be added, in the light of .recent additions to our knowledge, that 
the cytoplasm is also probably involved in this cyclic exchange of 
nucleic acid compounds, contributing these to the nuclear com- 
ponents during the progress of the nuclear division. At the con- 
clusion of the nuclear division the intranuclear nucleic acid be- 
comes for the most part stored in the nucleolus, while that derived 
from the cytoplasm seems to be restored to it in the form of the 
globules described above. Fig. 4 illustrates the emission of such a 
substance in somatic telophase at a very late stage, only one of the 
daughter cells being shown. Figs. 1, 2 and 3 represent various 
stages in the first meiotic telophase of pollen mother cells in 
Cyanotis crisiata, a plant in which, as in a great many others, the 
interkinesis is brief and the telophasic transformations of the 
UQclear components do not proceed very far ; this plant has been 
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seleeted for illustration to show that even in such cases basophile 
material is east out into the cytoplasm from the nuclear compon- 
ents. 

The writer's object in publishing this preliminary note on 
the subject is to draw the attention of such of his fellow-workers 
as are in possession of facilities to conduct microchemieal tests 
and pursue this line of investigation further, to a matter which 
has a bearing on the general question of the relationship between 
the nucleus and the cytoplasm, but which, probably on account 
of the somewhat inconspicuous character of the phenomena de- 
scribed, has escaped obsen^ation till now. 
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Explanation of the Figures. 

• telophase in the pollen mother-cells of Cyanotic 

cnstata, oblique tangential section showing early stao'e in the 

thA Il't t section, 

X 1500 ' ^i«“““g-iron-haematoxylin. 

Fig 3. PoUen mother-cell of the same species, later sta^e 
showing the formation of the transitory cell-wall folloiving upfn 
the close of the heterotypieal division. The globules are few^in 
number and reduced in size. Flemming-gentian violet. X 1500 

Vir. telophasic stage in somatic mitosis in root-tip of 

Ugm eating, only one of the daughter cells shown in polar 4w. 
Loum-urea iron-haematoxylin. X 1500. 
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STUDIES IN ABSORPTION AND TRANSPIRATION 
I. Cut Shoots treated with 20 per cent formalin 

BY 

T. Ekambaram and I. Madhusudana Rao. 


Introduction. 

It is true that physical theories are fast gaining ground and 
are accepted by many scientists for explaining the forces that are 
involved in raising water even to great heights in plants. Still 
the physiological theories for the ascent of sap have not been com- 
pletely disproved. It is needless to trace out the progress of the 
two schools of thought from the beginning. Suffice it to say that 
at present the vitalistic theory stands strongly criticised by the 
Dixon School and that the latter’s theory with little modification 
here and there finds the largest support. 

According to Sir J. C. Bose, water is pumped up to the leaves 
by groups of pulsating cells situated in the cortical region along 
the stem. Dixon holds that the water in the vessels is always 
under high tension^ due to its cohesive property. Evaporation of 
water from the walls of the mesophyll cells in the leaves aided by 
t|ie high suction pressure of these cells maintains a continuous 
cjurrent of water up the stem into the leaves. With all the data 
ahd experimental proof gathered in support of this theory, it 
has not yet been possible to prove definitely that the living cells 
of the plant have nothing to do with the ascent of sap. Thus 
it is that this portion of the work has been taken up to see whe- 
ther the living cells (in the stem and in the leaves) play any part 
in the ascent of sap and if so,; how they help in maintaining the 
transpiration stream. , 

I Apparatus, 

It was found that experiments conducted by other workers 
on this aspect were limited to the study of either transpiration or 
absorption. Rarely were they worked out together. Also the period 
of intervals for taking measurements was too long to notice some of 
the more important but constant changes occurring under experi- 
mental conditions. So it was felt that automatic records for the 
rate of absorption and for the rate of transpiration should be ob- 
tained; and the quantity absorbed each time or the amount of 
water evaporated should be as small as possible. 
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Apparatus was devised to satisfy the above needs In the 
case of absorption, it has been possible to record 05 c.c. of liquid 
absorbed each time; the quantity absorbed each time remains con- 
stant while the time varied. For transpiration, the time taken 
for evaporating 20mgms. of water is recorded. 

I- Absorption 

f 1) consists of a U-tube, one limb of which 

IS longer than the other. There is a side outlet tube (with a stop cock 
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holes is passed a glass tube with a stopcock ^d \ The open end of the 
short limb is also fitted with a two-holed rubber stopper. Through 
one hole is passed a glass tube open at both ends. Its upper end 
is closed with a piece of rubber tubing and a pinch-cock ‘eh 
Through the second hole is passed the lower end of the vertical 
tube of a T-shaped glass piece. It has a stop-cock ^f’ in the 
vertical tube. The two ends of the horizontal part of the T-piece 
terminate respectively on one side into a ^ bubbler^ and on the 
other into a U-columu. This glass piece excepting the U-column 
is made of narrow bore tubing. 

There is a small drop of oil (Cocogem) in the bend of the 
‘bubbler' between the two bulbs. The IJ-column on the other 
side is filled up to three-fourths of its height with Coeogem oil. 
A small circular piece of cofk (coated with an oil-proof varnish) 
is allowed to float in the oil (just below its surface). The float is 
attached to the short-arm of a balanced free-moving lever by 
means of a thin wire. The lever has a platinum point at the 
curved end of the long arm. The lever itself and its support are 
made of silver. Just below the tip of the long arm of the lever 
is a mercury cup resting on a wooden stand (not shown in the 
sketch) which can be raised or lowered. Two leads are taken 
off one from the mercury cup to one terminal of an accumulator, 
the other from the silver support of the lever to the electro- 
magnetic marking pen. The other terminal of the marking pen 
is connected to the remaining terminal of the accumulator. It is 
essential to keep a suitable condenser across the leads from the 
mercury cup and the lever to avoid slight sparking between the 
mercury surface and the platinum point of the lever. 

Manipulation, 

The stop-cock ‘f is closed. The stop-cocks ‘c' and ‘d' and 
the pineh-cock ‘e' are kept open and the U-tube is filled with 
water. Now the stop-cocks ‘c’ and ‘d' are closed. The.. cut end 
of the shoot is pushed gently through the hole in the rubber 
stopper fitted to the long limb of the U-tube. The cut end of the 
shoot is never exposed to air. While transferring it from the 
basin of water in which it is kept before fixing it up in the appara- 
tus, the cut end is kept moist with a little cotton soaked in water. 
The junction of the stem with the upper surface of the stopper is 
sealed thoroughly with grafting-wax of low melting point. Now 
the pinch-cock ‘e' is closed and the stop-cock ‘f is opened. There 
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should not be any leakage in the apparatus. During the experi- 
ment the apparatus was immersed in a water-bath up to the 
upper surface of the stopper fitted to the long limb of the IJ-tiibej 
taking care that the open ends of the bubbler and the U-column 
are above the water surface. 

The stop-cock 'f when it is opened, keeps the bubbler and 
the U-column in communication with the U~tube. As the shoot 
absorbs water through the cut end, pressure inside the U-tube is 
reduced and the oil drop in the bend of the bubbler tends to 
move towards the Unside’ bulb. Simultaneously with this move- 
ment is seen the lowering of the oil-level at the open end of the 
U-column. The cork-piece floating in the oil also moves downward 
with the oil-level, pulling the short arm of the lever down. The 
platinum point at the other end of the lever moves away from the 
mercury surface. When the pressure inside the U-tube reaches 
a certain minimum depending upon the resistance offered by the 
oil drop in the bubbler, a bubble of air breaks through the oil 
valve allowing a certain amount of air into the system to equalise 
the pressures inside and outside. With this equalisation of pres- 
sures, the. oil level in the open end of the U-column rises back to 
its original position carrying with it the float. The long arm of 
the lever comes down and its tip touches the mercury surface be- 
low. This completes the circuit and the electro-magnetic pen 
marks a dot on the graph paper wound round a drum moving 
at a known uniform speed. 

The oil valve, after breaking, flows down and closes up the 
bend again. Once again due to absorption of water by the shoot, 
the oil goes up; the short arm of the lever is pulled down thus 
breaking the circuit and the process of making the contact with 
the breaking of the oil drop in the bubbler is continued. It is thus 
evident that the quantity of water absorbed each time is constant 
depending upon the , quantity and nature of the oil used in the 
bubbler. 

A number of determinations were made of the volume of water 
absorbed each time by means of a capillary tube (calibrated to 
■001 c.c.) attached to the open end of the bubbler with a piece of 
rubber tube and kept in a perfectly horizontal position. A small 
drop of oil is sent into the capillary tube from the open end. 
When the bubbler is working, the movement of the oil-index in 
the calibrated tube for each dot on the recording drum is noted 
down. A mean of 5 readings is taken every» time and this is 
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\ erified on diflterent occasions. This calibrated tube is removed 
after obtaining the value of the bubbler. 

A general idea of the apparatus and the mode of working have 
been given. One advantage about the apparatus is that the liquid 
inside the IJ-tiibe can be changed very quickly (within 5 minutes) 
with the help of the outlet-tube below, without disturbing the appa- 
ratus in any other way. The outlet tube is provided with a long 
rubber tube and is Med with the, same liquid as the U-tube is Med 
in the beginning of the experiment. Now, for changing the liquid 
in the U-tube, the stop-cock ^f^ is closed. After opening the stop- 
cock ^d’ and the pinch-cock ‘e’, the liquid inside the U-tube is 
siphoned out through the outlet tube by opening the stop-cock 'c’. 
The U-tube is completely reMed with the necessary liquid through 
the same outlet tube and the stop-cocks ^c^, ' d’ and the pinch-cock 
‘e’ are closed. The stop-cock ^f ’ is turned open and the recording 
is continued. 

2. Transpiration. 

The principle involved in this apparatus (Fig. 2) is not a new 
one. .The transpiring shoot with its cut end in water is kept in one 
pan of a delicate balance. Weights are added to the other pan to 
bring the pans into equilibrium. Due to transpiration from the 
shoot, the pan carrying the shoot will be continuously losing weight. 
Each time this pan loses weight equal to the weight of a steel ball, 
one ball is dropped into that pan thus bringing the two pans into 
equilibrium. Simultaneously a dot is marked by an electro-magnetic 
pen on a drum which is rotating at a known uniform speed. Steel 
balls of uniform size a.nd w^eight are used in all the experiments. 
A metal piece is hung to the hook of the pan with the weights and 
is allowed to move in oil so as to damp the oscillations. Breeze 
is avoided as far as possible so that the balance is not disturbed.; 

For changing the liquids in the U-tube in which the shoot is 
fixed, or for any other treatment of the shoot, recording is stopped; 
the balance is brought to rest and after changing the liquid in [the 
tube, both the pans are again equalised and recording is started. 
All this treatment takes about 5 to 10 minutes and this interval 
can be seen in the record from the length of the gap. 

All data are presented as graphs along with tables of actual 
records. The number of dots representing the amount absorbed or 
amount transpired each time (which is constant throughout each 
experiment) are marked along the X-axis while the rate is marked 
on the Y-axis. Y-axis is graduated from top downwards, so that a 
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Methods adopted. 

After a preliminary study of the subject, the method resolved 
into a question of killing the cortical cells in the first instance and 
subsequent killing of the leaf-cells and studying the effect on 
absorption and transpiration. 20 per cent, formalin was used in 
all the experiments as this percentage w'as considered strong enough 
for killing the cells when even a small quantity was taken in. 

Material used. 

Initial difficulty was met with in the form of a big immediate 
fall in absorption when water at the cut end was replaced by 20 
per cent, formalin. This was subsequently found to depend on the 
age of the shoot. Barleria cristata was chosen for study as shoots 
of the desired age were available for a greater part of the year. 
This plant is a perennial shrub, which, though in the summer 
months has a tendency to dry up almost, with the rains grows up 
vigorously putting forth new green shoots. 

Shoots were cut carefully daily in the mornings at about 8 a.m. 
They were brought into the room and fresh cuts were made under 
water. The shoot was fixed in the apparatus and recording was 
started only after about an hour so that the shoot could in the 
meantime get over the effects of cutting and fixing in the apparatus. 
At the end of this period, the rate of absorption becomes constant. 
Recording was continued on almost all occasions throughout the 
day and night till next morning. 

EXPERIMENTAL RESULTS. 

Absorption. 

The rate of absorption of water by the cut shoots was followed 
throughout the day and night on different occasions. The graphs 
obtained from these data show very little difference from one 
another in their general nature. So a control experiment was 
found to be quite unnecessary. One such experiment for the rate 
of absorption of water by a cut shoot is given in detail below. 

Experiment No. 1. 25— 4— 31. Table 1; graph I. 

The shoot was cut at 7-30 a.m. and fixed up in the apparatus. 
Recording was started at 8-30 a.m. The rate was quite slow at 
the beginning but by 10 a.m., it was double the initial rate. Then 
till 3 p.m., there were slight variations. From 3 p.m., the rate 
was going down rather rapidly tiU 5 p.m. There was a slight 
pause till 6 p.m., when again the rate was decreasing continuously 
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till midiiig:lit. From 2 a.m., it was going up slowly though from 
5 a;ra.o it was going up rather quickly. The experiment 'was conti- 
niied till 6-45 a.m. 

Description of the shoot:— in height; young; well-grow- 
ing; 7 pairs of leaves; no branches. Temperature of the room;— 
30-9 degrees C., at 9 a.m. and 32-2 degrees C., at 4 p.ni. 

Experiments were conducted for rate of absorption under 
ditf erent treatments : 

1. Water at the cut end was^replaced by 20 per cent, formalin. 

2. Leaves were coated on both sides with pure formalin. 

3. The leaves were first coated with pure formalin and after 
about 3 hours, water at the cut end was replaced by 20 per cent, 
formalin. 

4. Leaves were first coated with water. After the leaves were 
all dry, they were coated with pure formalin. 

Typical exi^eriments relating to these treatments are described 
in detail below : — 

Experiment No. 2. 4—10 — 31. 20 per cent, formalin supplied to 
the cut end. Table 2; graph 2. 

The shoot was cut at 8-30 a.m. and recording started at 9-e3r^ 
a.m. At the beginning the rate was 6-1 minutes for absorbing 
•05 c.c. of water; at 10 a.m., it was about 5^ minutes. Just before 
adding the poison it was 4-J minutes. 

At 10-35 a.m., the poison was supplied to the cut end. The 
next dot was marked after 8 minutes. It took about 4 minutes 
for removing the water and adding the poison. At 11-30 a.m., 
when the rate was 13 minutes, the poison was observed in the top 
leaves by the slight discoloration along the veins. In another hour 
the discoloration of the leaves along the veins was complete. The 
rate of absorption at this time was at its minimum, 27 minutes 
for absorbing *05 c.c. At 1-15 p.m., the rate was recovering. It 
was about 22 minutes. At 5 p.m., it was 16 minutes. After this 
the rate was going down very slowly but never reached the rate of 
27 minutes though at midnight it was about 23 minutes. The 
experiment was continued till 7-30 a.m., next morning. The leaves 
were all completely discoloured and were curling up by that 
time. 

Shoot : — ^10" high ; 6 pairs of mature leaves. 

Weather: — Cloudy; cool. 

Temperature at 11 a.m. Dry bulb — 28*2 degrees C. Wet 
bulb — 26-2 degrees C. 
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Wlieii 20 per cent fomaalin is supplied to the cut end, absorp- 
tion keeps on at the same initial rate for about half an hour. 
Then there is a slow fall in the rate at which stage a slight dis- 
coloration of the veins could be seen in some of the leaves. The 
rate now goes down pretty quickly and the discoloration spreads 
to the veins of all the leaves. The rate reaches a minimum after 
about an hour and a half from the time of supplying the cut end 
with the poison. As absorption reaches the minimum rate, all the 
leaves have their veins discoloured. The rate then recovers but 
never reaches the initial rate. This recovered rate does not keep 
constant for a long time. It goes down slowly as the leaves turn 
jbrown completely and curl up. 

Experiment No. 3. 6 — 4— -31. Coating leaves with pure formalin. 

Table 3; graph 3. 

The shoot was cut at 7 a.m., and mounted in the apparatus 
in water. Eecording was started at 9-40 a.m. The rate of absorp- 
tion was almost constant except for a slight rise at 11-40 a.m. 

11-40 to 11-55 a.m. — Coated all leaves with pure formalin. 

The fall in the rate started gradually and reached its maximum 
at 12-20 p.m. Then the rate began to recover though not to the 
initial rate. The rate of absorption continued to be almost cons- 
tant till 4 p.m., when it was again going down slowly. 

Shoot: — 1|' long; well-growing; 10 pairs of leaves. 

Temperatuee :~32 -5 degrees C. at 12 noon. 

Weather: — ^Bright; warm; good breeze from 2 p.m. 

When all the leaves of a cut shoot, whose cut end is kept in 
water, are coated with pure formalin on both sides, the rate of 
absorption undergoes changes. There is, in all cases, a fall in the 
rate; the fall begins usually from 15 minutes to half-an-hour. 
Generally the excess of formalin on the leaves is evaporated in 
about 15^ minutes. The leaves rapidly turn brown and simultane- 
ously, the rate of absorption goes down rapidly. It reaches a 
minimum in usually another half-an-hour. By this time all the 
leaves are completely discoloured. The curve here is going down 
rather steeply showing the rapid fall in the rate. 

After this maximum decrease in the rate, it equally rapidly 
opes up again. This rise in the rate does not always finally equal 
the initial rate. It may be higher or lower but keeps fairly cons- 
tant in almost all cases for some hours. Then it goes down very 
slowly so that the next morning the rate is quite low. 
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Eocperiment No, 4. 22—4—31. Coating leaves with, pure formalin 
and later on supplying 20 per cent, formalin to the cut end. 
Table 4 ; graph 4. 

The shoot was cut at 7-30 aan. and mounted in the apparatus 
with the cut end in water, Eecording was started at 9-20 a.m. 
The rate of absorption was a little irregular, 

12 noon to 12-15 p.m. — Coated all leaves with pure formalin. 
3 p.m. — Supplied 20 per cent, formalin to the cut end. 

The rate of absorption w^as going down slowly for 15 minutes 
after coating the leaves with pure formalin. . Later on the fall 
was much higher and the rate was at its minimum at about 1-15 
p.m. The leaves were all discoloured. The recovery in the rate 
was equally rapid though the recovered constant rate w^as not equal 
to the initial rate of absorption. 

When 20 per cent, formalin was supplied to the cut end, there 
w^as no fall in the rate. 

The experiment was continued till 5-40 a.m. 

Shoot : — 1-J' long ; 9 pairs of young leaves ; the shoot "was 
vigorously growing; 4 small side branches. 

Weather: — Bright; warm. 

Temperature: — 33 degrees C. at 3 p.m. 

By coating leaves with pure formalin, the living cells in the 
leaves are put out of action. Now if 20% formalin is supplied to 
the cut end, according to Sir J. C. Bose, the ^pumping cells’ in 
the cortical region are put out of action and there must be a fall 
in the rate of absorption. This fall in the absorption must be 
even greater than the one due to killing of the leaf-cells. There 
is no trace of such a fall. The record after supplying the cut 
end wdth 20% formalin follows the same course as in the case 
^vhere no poison was supplied to the cut end. 

Experiment No, 5. 5—3 — 31. Coating a long bare poidion of the 
stem with pure formalin. Table 5; graph 5. 

The shoot was cut at 8 a.m. and fixed in the apparatus, with 
the cut end in water. Eecording was started at 10-40 a.m. The 
rate was rather slow but quite constant. 

12 noon; — Coated 6" of the bare stem, below the first node 
with leaves, wdth pure formalin. There Avas no fall in the rate 
of absorption till 4 p.m. The portion of the stem that was coated 
..:?with formalin turned dark within an hour of coating. 
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Shoot: — 1|-' long - mature; stem yellowish green; removed the 
leaves up to a height of 8^'; about 2 dozens of small leaves with a 
few small branches at the top. 

Weather: — Cool; cloudy. 

in this experiment, the part of the stem turns brown within 
an hour of coating with pure formalin, indicating that the cortical 
cells are killed but the rate of absorption is not affected. 
IJxperiment No. 6. 13- — 3—31. Coating leaves with water first and 
later on with pure formalin. Table 6 ; graph 6. 

The shoot was cut at 8 a.m. and in the apparatus 

■with the cut end in water at 9 a.m. The rate of absorption was 
rather irregular. 

12-20 p.m. to 12-30 p.ni.^ — Coated all leaves with water. There 
vras an immediate fall in the rate of absorption, reaching its 
maximum in about half an hour by -which time all the water had 
evaporated from the surface of the leaves. The rate immediately 
recovered to initial rate and kept more or less constant. 

2-35 p.m. to 2-50 p.m. — Coated all leaves with pure formalin. 
The experiment ■was continued only till 4-45 p.m. 

When the leaves were coated wuth pure formalin, the rate 
was fairly steady for about half-an-hour. Then it began to go 
dowm. The rate -was at its minimum at 3-45 p.m. The rate re- 
covered to some extent in the next half an hour. It will be noted 
that the fall brought about by treatment with, formalin did not 
]*each the same magnitude as the one due to w’'ater-coating. 

Shoot: — 1^' long; first 4 internodes long ; 4 pairs of big leaves ; 

5 pairs of tender ones. ' 

Weather: — ^Bright; warm; no breeze. 

When the leaA^es are coated AAuth wuter, transpiration is al- 
most completely stopped. This brings about a rapid fall in the 
}*ate of absorption. But as the Avater on the leaves is evaporated, 
normal conditions are restored. The rate of absorption, as the . 
moisture on the leaA^es is evaporating, comes back to the initial 
rate equally rapidly. The curve is very steep on both sides. By 
the time the leaves become dry, the rate of absorption reaches the 
initial rate and follows the original course. 

AVhen the leaves are coated Avith pure formalin, there is no 
such immediate reduction in absorption. The rate of absorption 
continnes to be almost the same for about 10 minutes at least. 
The formalin from the surface of the leaves eAmporates very 
rapidly and the surfaces of the leaves are dry AAdthin 15 minutes 
8 
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of coating the leaves with formalin. During this interval, the rate 
of absorption is not much changed. With the drying of the leaf- 
surfaces discoloration is seen here and there. A visible fall 
in the rate starts with this discoloration of the leaves and the rate 
reaches a minimum in another half-an-honr when the leaves are 
completely discolored. Now the rate of absorption begins to re- 
eovei’, sometimes quite rapidly. The recovered rate is generally 
lower than the initial rate. 

Transpiration. 

Experiments on the rate of absorption under various ti’eat- 
ments have been considered till now. Similar experiments were 
conducted on the rate of transpiration also by shoots of the same 
plant. < 

The shoot was cut in the morning at about 8 a.m. and the cut 
end was kept immersed in water in the apparatus. Rate of trans- 
piration from the shoot with its cut end in water was observed on 
different days and the graphs obtained from these data are quite 
similar to one another in their general nature. One s\ich experi- 
ment is described in detail. 

Experiment No. 7. 5 — 2 — 31. Rate of transpiration with the cut 
end in water. Table 7 ; graph 7. 

The shoot was cut at 7-15 a.m. and mounted in the apparatus- 
with the cut end in water. Recording was started at 8 a.m. The 
rate of transpiration was almost constant except for slight varia- 
tions till 3 p.m. when there was a slow fall. At 4 p.m. the rate 
Avas one-third the rate at 8 a.m. 

Shoot :~li' long ; 6 , pairs of leaves. • 

Weather Warm ; bright. 

Temperature : — 26 -8“ 0 at 2-30 p.m. 

Experiment No. 8. 7—1—31. Supplying 20% formalin to the 
cut end. Table 8 ; graph 8. 

The shoot was cut at 8-30 a.m. and set up in the apparatus at 
10 a.m. Recording was started at 11-55 a.m. The rate of transpi- 
ration was quite constant. At 12-15 p.m., 20% formalin was 
supplied to the cut end. Prom 12-30 p.m., there Avas a sIoav de- 
crease in the rate of transpiration. At about 1-5 p.m., the rate 
was at its minimum. The rate was again becoming high. At 
1-50 p.m., it was equal to the initial rate. The rate continued to- 
quicken though rather slowly till the end of the experiment. By 
SL30 p.m., all the leaves were completely discoloured. 
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Shoot: — T he shoot was about 10" high; a dozen leaves of 
medium size. 

Weather : — Bright; clear. 

The following jpoints of difference between the effects of 20% 
formalin, supplied to the cut end of the shoot, on absorption and 
transpiration are clear from the above experiment: 

1. The fall in the rate of transpiration starts within 15 
minutes of supplying the poison to the cut end. There is no dis- 
coloration in any of the leaves by that time. 

The fall in the rate of absorption starts only after about half 
an hour; signs of discoloration are seen in some of the leaves. 

2. In transpiration, the minimum rate is obtained always with- 
in an hour of supplying the poison. The discoloration is not clear 
in all the leaves. 

In the case of absorption, the minimum rate is obtained only 
after about 2 hours, when all the leaves are comi>letely discoloured. 

3. The minimum rate in transpiration is about half the initial 
rate while in absorption the minimum rate is less than one-third 
of the initial rate. 

4. The recovery in the case of transpiration is complete at 
a time when the absorption shows a minimum. 

5. The recovered rate in transpiration is either equal to or 
even higher than the initial rate ; while in absorption, it is less 
than the initial rate. 

iJxperiment No. 9. 17 — 1 — 31, Goating leaves with pure forma- 
lin. Table 9 ; graph 9. 

The shoot was cut at 8 a.m. and fixed in the apparatus 
with the cut end in water. Recording was started at 9 a.m. The 
rate was not quite constant. It was going down slowly, i 

At 10-45 a.m. recording was stopped and the leaves were coated 
with pure formalin. It took about 15 mimrtes to start recording 
again. When the leaves were all coated with pure formalin, there 
was excess of formalin which had not evaporated before the re- 
cording was resumed. So the rate of loss of weight in the begin- 
ning was higher due to the evaporation of this excess formalin 
on the leaves. It took about 15 minutes for the leaves to get dry 
of formalin. Leaves were all completely discoloured by 12 noon 
and the leaves were curling at 1 p.m. By the end of the experi- 
ment, the leaves were all shrivelling tip. 
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The diseoloration of the leaves starts within 15 niiniites after 
coating the leaves and all the leaves are discoloured in less than 
an hour. During ail this time the rate of transpiration is equal 
to the initial rate or even higher. But with the curling of the 
dead leaves, a gradual fall in the rate is noticed and this occurs 
about four hours after coating the leaves with pure formalin. 

In the case of absorption, the fall in the rate starts with the 
beginning of discoloration in leaves and reaches a maximum with 
the complete discoloration; then the rate recovers to a certain ex- 
tent and this recovered rate keeps constant for some hours. 
When the dead leaves are shrivelling up, there is a gradual fall 
in the rate of absorption also. 

The following experiment gives us an idea of how the rate 
of transpiration goes down when there is no supply of water from 
below. 

Experiment No. 10. 30 — 1 — 31. Water-supply at the cut end 
withdrawn after some time. Table 10; graph 10. 

The shoot was cut at 7-30 a.m. and fixed in the apparatus 
with the cut end in water. Recording was started at 8-30 p.m. 
In the first half-an-hour, the rate was irregular. At 10 a.m. water 
Vv as withdrawn from the apparatus leaving the cut end exposed 
to air. There was a slow fall in the rate till 10-30 a.m. when it 
became more rapid. Visible drooping of leaves was clear even 
at 10-15 a.m. 

Shoot : — 1' long ; 12 leaves. Bright weather. 

Temperature : — 27 *3^C at 2-30 p.m. 

There is much contrast between the appearance of a shoot 
which i^ killed by supplying 20% formalin at the cut end and that 
of another whose water-supply is withdrawn. In the first case, 
the leaves retain their original position even after the poison 
reaches them. The leaves get completely discoloured but still they 
do not lose their turgidity completely. They are not drooping. 
Finally they turn completely brown, and begin to curl. 

In the ease of the shoot which was deprived of its water- 
supply at the cut end, there are visible signs of the leaves droop- 
ing within the first 15 minutes of removjng the water .supply. 
The shoot tip slowly bends down; the leaves get more and more 
flaccid ; they finally droop down completely and hang loose. 
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Behaviour of Stomata. 

It was found essential to note the change in the stoniatal 
apertures in leaves when poison was supplied to the cut end. 

l^^xperiment No. 11. 1 — 9 — 31. Behaviour of stomata when 20% 

formalin was supplied to the cut end. Table 11. 

Porometer readings were taken of two s^^oots, one a control 
and the other, the experimental one. Porometers were attached 
to the leaves (lower side) by means of plasticine. The lower ends 
of the porometers were kept in water. Water was siieked up to 
a particular height in each case and the time was noted for a fail 
in the water-level through -5 cm. After taking the readings for 
about 2 hours, water was replaced with 20% foxmalin at the cut 
end of the experimental shoot. The cut end of the control shoot 
V as in water. 

There is no marked change in the stoniatal apertures of the 
leaf of the experimental shoot until it begins to get discoloured 
by the poison. When the leaf is discoloured, the stomata are com- 
paratively open. Leaving aside the minor variations of the sto- 
inatal apertures, it can be noticed that the poison has a definite 
eflieet upon the stomatal openings. When the leaf -cells are all killed 
and thus the stomata also, the stomata are kept open. The open 
stomata allow an easy evaporation. Thus the leaf-cells when they 
are killed lose their fresh weight pretty qnicWy. 

Recapitulation of Results. 

Rate of absorption of water by a cut shoot of Barleria crista- 
ta. (Expt. 1) is more or less constant from morning 10 a.mi till 
3-30 pun. when there is a definite fall. Till 3-30 p.m. the rate 
oscillates within small limits. The fall which begins at 3-30 p-m. 
becomes rapid gradnally but at about 6 p.m., the rate gets a little 
steady for aboiit half an hour. Again ^ t^^ a rapid fall, the 
i^ate reaching a minimum at about midnight. Prom 2 a.m., the 
rate begins to recover and from about 5 a.m., the recovery is rapid. 

Rate of transpiration (Bxpt. 7) from a cut shoot of Barleria 
Avith the cut end in water is more or less constant from 8 a.m. till 
about 3 p.m. when there is a gradual fall. 

■ - When the supply of w^ater at the cut end of the shoot is 
withdrawn, the rate of transpiration (Expt. 10) from the shoot 
undergoes a definite change. For the first 15 minutes of the with- 
drawal of water-supply, the rate follows the same initial course. 



308 THE JOUENAL OF THE INDIAN BOTANICAL SOCIETY. 

but there is a continuous rapid fall afterwards. Visible drooping 
of the leaves is clear with the beginning of the fall in the rate 
of transphation and at the end of 2 hours, all the leaves are droop- 
ing completely and the shoot tip also bends down. 

Other experiments were conducted to note what changes are 
brought about in absorption and transpiration and the condition 
of the shoot, by killing various parts of the shoot. The cortical 
tissue throughout the stem was killed first and after^yards the leaf- 
cells by sending in a current, of 20% formalin through the cut 
end of the shoot. The fall in the rate of absorption (Expt, 2) 
is seen only when the leaf -cells are killed. The killing of the cor- 
tical cells does not bring about any marked change in the rate of 
absorption. When all the leaves are completely killed, the rate 
reaches a minimum. After this stage, the rate of absorption recovers 
to a certain extent and this recovered rate keeps constant for some 
hours. In the case of transpiration with the same treatment of 
the shoot, the rate (Expt. 8) goes down as the poison reaches 
the leaves. With the killing of the leaf -cells, the rate recovers and 
this recovered rate is equal to or sometimes higher than the ini- 
tial rate. The fall in the rate obtained in the case of transpiration 
as the poison reaches the leaves . is negligible compared to the fall 
in the rate of absorption obtained as the leaves are all killed by 
the poison. 

In the next set of experiments, where the leaf cells alone are 
killed by coating the leaves on both sides with pure formalin, the 
rate of absorption (Expt. 3) begins to go down from 15 minutes 
after the treatment and reaches a minimum within an hour. The 
rate recovers immediately and this recovered rate keeps constant 
for at least 4 hours. In the case of transpiration (Expt. 9) with 
the same treatment, the rate is kept up at the same initial rate or 
even higher for about four hours. A slow fall ip the rate is then 
noticed with the curling of the dead leaves. In these experiments 
the cortical cells of the stem are not affected. 

In another set of experiments, the leaf-cells are first killed 
by coating them with pure formalin. The same changes in absorp- 
tion as seen in the previous case are obtained. When the rate 
has completely recovered, the cortical cells are killed by sending 
a stream of 20% formalin through the cut end. The absorption 
(Expt. 4) is not affected in any way with the second treatment. 

I he course of absorption followed that of the previous experiment 
(Expt. 3) where the cortical cells were not killed. 
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In the experiments considered tiii now, the cortical cells are 
killed by sending a stream of 20% foiinalin through the cut end. 
In Experiment No. 5 the cortical cells of a long portion of the 
stem are killed by coating that portion of the stem with pure for- 
malin. The coated portion of the stem turned brown within an 
hour blit there was no change in the rate of absorption even after 
four hours. 

To understand the effect of coating leaves with pure formalin 
on absorption, the leaves of a cut shoot are first coated with water. 
Transpiration is almost stopped and there is an immediate fall in 
the rate of absorption (Bxpt. 6). When the water on the leaf 
surface had all evaporated, the rate equalled the initial rate. Noiv 
the leaves are coated with pure formalin. The fall in the rate of 
absorption does not follow immediately. With the evaporation of 
excess formalin on the leaf surface, the fall in the rate starts and 
ivitli the complete discoloration of the leaves, the rate reaches a 
minimum. Then the rate recovers to a certain extent. That this 
fall in the rate of absorption is not mainly due to the water in the 
pure formalin is seen by the time taken for the fall to start. In 
all cases the fall starts after the evaporation of excess formalin on 
the leaf siuTaee; but w-hen the leaves are coated with ivater, the 
fall is immediate and the rate recovers by the time the vsurface of 
the leaf is dry. 

The condition of the stomata (Bxpt. 11), when they are killed 
by sending in 20% formalin through the cut end, has also been 
studied by taking porometer readings. When the leaves are killed 
thus, the stomata keep fairly open. This fact has been confirmed 
by direct observation under the microscope. 

Discussion# 

It is interesting to note that the vitaHstic theory started by 
tlodlewski and followed up by Westermaier, Janse and many 
others is still supported by some scientists though with some modi- 
fications. 

Ewart described some experiments to prove that the living cells 
of the stem are essential for ascent of ivater in trees. He repeat- 
ed one of Strasburger’s experiments, by cutting a tall tree at the 
base and keeping the cut end in formalin solution. He measured 
the rate of absorption in litres per hour. There ivas a fall in the 
rate till the second day. On the third day there was a rise in the 
rate and at 5 p.m. on that day the rate ivas half that noticed on 
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tLe first day. Tiiis rise in the rate and the continuous fall later 
OB coincides with the results of our experiment wFere 20% for- 
malin is supplied to the cut end. Ewart did not explain this rise 
in the rate of absorption amounting to 50% of the initial rate. 
He had to overlook this rise in the rate to say that a gradual fad 
was obtained in the rate of absorption as the living cells in the stem 
were killed when formalin was supplied to the cut end. The data 
obtained in this paper show clearly that this fall and subsequent 
rise in the rate of absorption are constant features and are due to 
changes brought about in the cells of the leaves by the poison and 
not to the killing of the cells in the stem. 

Overton conducted a number of experiments with Gyperns to 
note the effect of killing long stretches of stem on the rate of 
transpiration and the condition of the leaves. He used steain, 
hot paraffin and poisonous fluids (e.g., picric acid, 95% alcohol, 
40% formaldehyde) for killing the stem. He . enclosed the por- 
tion of the stem to be killed in a glass tube and passed steam or 
poisons into it. With steam, he got a black poisonous substance 
exuded into the vessels which blocked them up partially. Ther^" 
vras a gradual fall in the rate of transpiration. When this poison- 
ous substance reached the leaf, there was discoloration of the leaf 
in patches, wuthering and final drying up of the leaf. He con- 
tends that though there is a fall in the rate of transx)iration, there 
must not be a withering and drying of leaves. This withering 
and drying is due to the killing of the leaves and not to lack of 
water-supply. When he killed the stem with hot paraffin, the 
transpiration was not affected. Fresh leaves were also put forth 
after the treatment. So he says that steaming a portion of the 
Stem causes an exudation of a poisonous gummy substance Avhielr 
blocks np the vessels partially and also when it reaches the leaves 
kills them. 

When he used poisons, some of them never entered the vessels. 
In cases where the poison did not reach the vessels, the leaves con- 
tinued to be fresh, and fresh branches were put forth. 

In some experiments, he killed the whole shoot by keeping the 
cut end in a poisonous fluid (Mercuric chloride, Picric acid and 
Chromic acid) and when the poison was well seen in the leaves, 
he replaced it with water. The whole shoot was killed including 
■the leaves. From the time of keeping the cut end of the killed 
*shoot in water, he weighed the shoot with the water, once a day. 
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He had taken weights of a healthy control shoot also, with the 
ent end in water. He found that the killed shoot was losing 
more water than the control shoot. He continued weighing for 
8 days. All these days the killed shoot was losing weight at a 
higher rate than the control. On the eighth day he noted the 
percentage of water in the killed shoot and also in the control 
shoot. In all cases he found that the percentage of water in the 
killed shoot was far below the percentage of water in the control 
shoot. He also noted that with different poisons, the rate of 
transpiration was different though in all cases it was much higher 
than the transpiration of the control shoot. In conclusion, he 
says that in these cases the tissues in the leaves are ruptured so 
as to expose additional celksurf aces to the atmosphere. He fiir- 
tlier ineiitions that in the case of the poisoned leaves of Cy perns 
there can be no osmotic siietion by the leaf cells. The imbibitional 
action of the cell- walls may, however, still keep the walls wetted 
and the suetion caused by evaporation may be transmitted to the 
cohering water columns of the vessels. He concludes by saying ‘ 
is certain that in the case of a plant poisoned throughout, the 
elevation of the water in the stems and its evaporation from the 
leaves in larger cinantities than normally occurs in living plants, 
depend purely upon physical forces”. 

It is interesting to note that he did not measure the rate of 
absorption but assumed that it might he equal to the rate of eva- 
poration. The data obtained in this paper show that absorption 
is less than the rate of transpiration in a killed shoot. From the 
fact that the percentage of water in the killed shoot at the end of 
the experiment is less than that of the control shoot, Overton 
could have inferred that absorption was much behind evaporation. 
Eesults of the experiments described already show that there is a 
Idglier rate of evaporation from the killed leaves but simultane- 
ously with tliis higher rate of evaporation a fall in the rate of 
absorption is noticed. This fall in the rate of absorption was not 
observed by Overton as he did not take measurements of absorp- 
tion. It is also difficult to imagine how imbibitional forces of the 
cell-walls and evaporating power of the air can be transmitted 
through a mass of ^ruptured tissues^ to the water in the vessels. 
The results of the experiments already described lead to the con- 
clusion that the fall in the rate of absorption with the killing of 
the leaves and the subsequent rise in the rate are due to physical 
forces but different from those attributed by Overton. 
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MacDoiigal in Ms publication mentions that he has enough 
ciata to prove that the living cells of the stem have nothing to do 
with the ascent of sap. Only when the living cells of the leaves 
are killed, thus disturbing the osmotic strength of the sap in those 
cells, the pull from above on the water columns is affected and the 
absorption is consequently reduced. 

Dixon says that, when a poison is supplied to the cut end, 
there is a sudden fall in the rate of transpiration when the poison 
is seen in the leaves. It is not so in the experiments described 
here. There is no such big fall though a slight fall was noticed 
before the leaves were discoloured. According to Dixon, when 
the poison reaches the leaf -cells and kills them, their osmotic 
properties are destroyed; they lose their turgor and there is a 
general collapse of the cells. But in the experiments described 
Jiere, there is a clear difference in the effects of poison on the 
rate of absorption and rate of transpiration, especially in the first 
few hours. The fall in the rate of absorption is seen only when 
the leaf -cells are killed but when this happens, there is no fall 
in the rate of transpiration; either it is maintaining the initial 
rate or it is somewhat higher. 

Sir J. C. Bose finds that pulsatqry activity of cells in the 
cortex pumps the water up through the stem. When this activity 
is interfered with by any poison, the absorption is reduced and 
when all these pulsating cells are killed completely, there is no 
more ascent of sap. Most of his conclusions are based on obser- 
^'ations of the changes in the leaf -position. But he given two 
experiments for proving his assumption definitely. When 25% 
formalin was supplied to the cut end of a shoot, (shoots of 
Chrysanthemum and Mango were used by him) there was a 
gradual fail in the rate of absorption, the fall becoming consider- 
able in the fourth and fifth hours after wEich there ^vas no more 
absorption. He took readings once an hour. 20% formalin w^as 
used under similar conditions in the experiments described here. 
The fall, it was noted, starts in half an hour and reaches a maxi- 
mum in two hours by which time the leaves are all discoloured: 
then the rate is observed to recover to a certain extent and the 
recovered rate keeps on for some hours. Till the leaf-cells are 
killed, there is no fall in the rate of absorption and absorption 
never falls to zero as stated by him. The fact that absorption is 
affected only by the killing of* the leaves is pyoved by the Experi- 
ment No. 4. . . 
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Special attention is now drawn to one particular feature in 
tlie absorption and transpiration graphs. In these experiments, 
the fall in transpiration is noticed as the poison was reaching all 
the leaves i.e., much earlier than the fall in absorption which is 
obtained with the killing of all the leaf -cells. The fall in trans- 
piration is much less in magnitude than the fall in absorption. 
Also at a time when the leaf -cells are all being killed, or when the 
rate of absorption is at a minimum, the rate of transpiration is 
equal or even higher than the initial rate. These facts have not 
been noticed by Dixon or other workers. From these data, it 
appears to be clear that at the time when the leaf-cells are killed, 
there is more water available for evaporation. This excess should 
have been released from the cells during killing. The effect of 
this is to keep transpiration at the same initial rate or even at a 
higher rate, though it reduces the pull on the water-columns in 
the vessels thus bringing about a fall in absorption. This change 
is only a temporary one and old conditions are being restored 
with the evaporation of the excess water in the leaf. There is a 
rise in the rate of absorption though it does not recover to the 
initial extent. This recovered rate keeps constant for some hours. 
A I'ecovery in the rate of absorption after the leaf-cells are killed 
and its maintenance for some hours at the same level cannot be 
explained by Dixon 's as.sumption that during the death of a cell, 
it collapses losing all its osmotic property. According to him, 
the tissues are all ruptured when they are killed.. But the curves 
obtained from the experiments show that the mechanism for ab- 
sorption or transpiration is not radically affected as postulated by 
orher workers, when the leaf is killed with a poison. The dead 
leaf appears to retain its capacity for absorption and transpira- 
tion to an extent very near that of the living leaf. 


SummaryA 

Apparatus for recording automatically the time taken for 
absorbing minute quantity of liquid ( *05 c.c.) each time and 
another for recording automatically the evaporation of 20 mgms. 
of water each time are described. 

Experiments are conducted to note the changes in absorption 
and transpiration of shoots of Barleria cristata by treating various 
parts of shoot with poison (formalin) to get an idea of the part 
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played by tlie liying cells of the shoot in ascent of sap and it is 
sliowii that the cortical cells do not help in any way in the ascent 
of sap. 

It is eonclnded that the mechanism for absorption and trans- 
piration is not radically affected as postulated- by other workers 
when a leaf is killed with j^oison. 

Our thanks are due to Mr. S, Eanganathan, M.A., I.O.S., for a 
certain amount of preliminary work on this subject. 
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Table I- Barleria cristata. 

Bate of Absorption with the Cut End in Water. 
time taken for absorbing .05 o.c. 


816 


Date. 


35~i-31 I 


Time. 



: 4 „ 

: 5 „ 

i 6 .. 

! 7 „ 

^ 8 „ 

; 12 midnight 
26-4-32 i 2 a.m. 


6-45 



Esmarks. 


Ball in the rate of absorption 
starts. 


Recovery in the rate of absorp- 
tion begins. 
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Table 2. Barleria cristata- 

Bate op Absorption with the Cut End in 20 % Formalin. 


The rate indicates time taken for ahsorhmg ’05 c,c. 


1 

Date. Time. 

Bate in 
minutes. 

Eemarks. 

' 

4-10-31 9-30 a.m. 


cut end in water. 

10 

5h} 


1 10-35 

/4ij 

20 % formalin sixpplied to the 

1 (Oontixiuous 

4 

cut end. 

; readings 

4| 


between 

5 


: 10-30 a.m. and 

5^ 


145 p.m.) 

6 



8 



V 9 



111 


•i 11-30 a.m. 

18 

Slight discoloration along the 

i 

1 14 

veins even in the top leaves. 

. ! 

16 


12-30 p.m. 

27 

All leaves discoloured, 

,1 

27 


i 1-15 . „ 

,22 


5-0 „ 

16 

Leaves curling slightly. 

8-0_ 

18 


12 midnight. 

23 


5.-.10-31 4 a.m. 

22 


I i''30 ,, 

! 

22 
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Table 3. Barleria cristata. 


Rate of Absorption. 

Tim rate indicates time taken /or absorbing ‘05 ox. 

Effect of coating leaves with pure formalin, with the cut end in water. 


i 

Date, i Time. 

i - ■ 

Eate in 
minutes. 

Eemarks. 

G-.4-.31. 1 9-40 a. m. 

6| 


i 10-40 „ 

6-1 


‘ 11-40 „ 


5f\ 

Period of coating all leaves 

j (Continuous 


6 j 

with pur^ formalin. 

readings 

! 

6i 


between 


7 


11-40 a.m. & 


n 

Excess formalin evaporated. 

. 1-40 p.m ) 


Ilf 

Minimum rate of absorption. 

; 12-20 p.m. 


Hi 


1 


104 




84 




8 


■ ' i ' , . 


9 


' i' ■ 


9i 


■' !' 


8i 


1 


n 


; 1-40 p.m. 


1 74 

Eecovery in the rate is coin^ 



plete. 

I 4-40 „ 

00 


* 8-40 „ 

1 

» 


; 12 midnight 

lOf 


7-4-31. i 6-30 a.m. 

r 

13 

Leaves curled up. 
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Table 4. Barleria cristata. 

Bate op Absorption. 

The rate indicates time taken for absorUng -05 c.a. 

Effect of coating haves with pure formalin and later on \upffyi,u, 
the cut end with 20 % formalin. 


Date. 


Time. 


22 - 4-31 


23 - 4-.31 


9-20 a.m. 
10 „ 

11 „ 

12 noon 


Continuous 

readings. 


1-15 p.m. 
3 „ ^ 


Continuous 

readings 

4 p.m. 

6 „ 

7 . 

8 „ 

12 midnight 
5-40 a.m. 


Bate in 
minutes 


4 

5i 
H 
i m 

5^1 

6 J 

7 

74 

84 

9 

15 

194 

9 > 


8f 


9 

' 9 
8| 
9 

94 

10 

14 

15 


Eemarks. 


Cut end in water till 3 iD.m. 

Period of coating leaves with 
pui-e foi’malin. 

Excess formalin evapoi’ated. 
Leaves discolouring. 

Minimum rate. 

Supplied 20 % formalin to the 
cut end. 


Leaves curled up. 
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Table s. Barleria crista ta. 

Rate op Absoeption 

The mie indicates time token for absorbing •Od c.c* 

Effect of coating 6" of the bare stem with pure formalin, with the cut 

end in water. 


1 Date. 

i; 

' 

Time. 

Rate in 
minutes. 

Remarks. . 

■■ 

5-8-31. 

1040 a.m. 

10 

> 


11-0 „ 

loi 


' ■ 

12 noon. 

10 ^ 

Coated 6" of bare stem with 




pure formalin. 



lOi 


! ■ ' 

Continuous 

lOi 


'i 

readings. 

» 


■! 


» 

No fall in the rate. 

i 

1 p.m. 

i ” 

>} 


I 

2 „ 

11 


1 '• 

3 » 





loi 


;j , 


Hi 


1 

0 j, 

12 


\ ■ 

7 „ 

12i 



8 „ 

» 



9 „ 

13| 



f 

i 


9 
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Table 6. Barleria cristata- 

Bate op Absoeption. 

The. rate indicates time taken for absorbing '05 c.c. 

Effect of coating leaves first with water and later on with pure 
formalin, with the cut end in water. 


Date. 

Time. 

Bate ill 
minutes. 

Eemarks. 

13-3-31. 

9 a.m. 

9 



10 

4| • 



11 .. 

n 



12 noon. 

7i 



12-20 p.m. 

/ 

6 

Coated all leaves witli water. 







(Continuous 


Oi 



readings). 

1 

1 

10 





13 

Minimum rate. 


1 p.m. 

\ 

6i 

Excess water evaporated (leaf 


2 

6 

surface dry) 


2-35 „ ^ 


Of) ^ 

Coated all leaves with pure 




} 

formalin. 


. 


6 J 



3 p.m. 


6 



(Continuous i 

i 

6| 

Excess formalin evaporated. 


readings 

i 

6f 



from 2-35 p.m.l 


7 ! 



to 4 p.m.) 







lOf i 

Minimum rate. 




9 ! 



4 p.m. 

^10 



, 

8 1 

i 

! 

Kecovery in the rate. 
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Table 8. Barleria cristata. 

Bate op Teanspiration. 

Bate indicates time takeh for a loss of weight of 20 mgnis. 

^nd of the shoot in 20% forrn,alin. 


Time. 

Kate in 

1 . 


minutes. 

1 Bemarks. 

1 ' 

11-55 a.m. 

2 

j- Cut end in water. 

p.m. 

0 

1 

Supplied 20% formalin to 
the cut end. 

1-5 

3 

Miiiimum rate. 

1-50 „ 

2 

Bate recovered completely 
leaves discolouring. ’ 

2-45 


Bate is quickening. 

3-45 

1 ' 1 

■ 

Leaves completely discolour- 
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Table 9. Barleria cristata. 


Bate op Transpieation. 

Bate indicates time taken for a loss of weight of 20 mgms. 
Coated leaves with pure formalin, with the cut mid in water. 


Date, 

Time. 

Bate in 
minutes. 

Bemarts. 

17-1-31 

9 a.m. 




10-15 „ 




10-45,, 

■3J ^ 

Coated leaves with pure for- 


' 11-0 - 

1 


malin. 


' 4 ■ 

i . = 

Eapid rate due to evaporation 


1 

■ 1 
1 


of excess formalin. Beaf sur- 
face completely dry of for- 


11-30 „ 1 

12 noon. j 

n 

i| 

malin within 10 minutes. 
Leaves getting discoloured. 


' 1 p.m. j 

2 

Leaves curling. 


1 ” f 

3 i 

Ball in the rate. 

' 

3 „ 

4-30 p.m. 


■ ! 
j 

5f 

Leaves shrivelled up. 


Table 10. Barleria cristata. 

Bate op Transpiration. 

Bate indicates time taken for a loss of weight, of 20 nigms 
Water supply at the cut end withdrawn. 


Date. 

J Time. 

I Rate in 

j minutes. 

1 Bemarhs. 

30-1-31. 

* 8-30 a.m. 

i ■' ■' ' ■ 

2i V 

Out end in water. 



;9-45 

If 

Bate is fairly^ constant. 



■10-0 „ 

1 J a.m , 

Water supply at the cut end 



,11 .. 

3-6 

is withdrawn. 
Leaves are drooping. 


\ 

12 noon. 

6 


' ' ! 

1 

12-45 p.m. 


All leaves completely drooping 




Table 11. Barleria cristata 

Ohang-es in the Size of the Stomatal Apeetxjbbs. 

WaUf suched up in tlm porometers each time to 8 cms. mid the time taken for a fall of •d cm, noted, 



